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PREFACE

The study of chemistry in America has been greatly
stimulated by the world war. Chemical manufactures have *
multiplied not only to supply munitions for export but also
to provide for domestic consumption certain commodities
which formerly were imported. Since munition plants,
with very little change,in.equipment, can be used to manu-
facture dye-stuffs and-pther valuable ¢hemicals, the chem-
ical industries will be increasingly important after peace is
restored. For these reasons the author believes there is a
field for another text-book in chemistry.

The aim has been to make the book practical and to show
the relation of chemistry to daily life without neglecting
the fundamental principles upon which the science is based.
Thus the relation of chemistry to water purification, fuels
and illuminants, agriculture, paints and varnishes, textiles,
paper, etc., is especially emphasized. The questions at the
end of each.chapter are planned to make this relationship
vital. :

Somewhat at variance with the usual custom, the chap-
ters dealing with the atomic theory, equivalent and mo-
lecular weights, valence, and equations have been grouped.
The treatment of these chapters is concise, and it is believed
the student will gain a clear conception of the underlying
principles as a whole.

It is the opinion of the author, based upon several years’
experience, that the principles of metallurgy can be taught
better by means of a few typical metals than by a great va-
riety of them. Thus the reduction of iron ores with carbon
is typical of the processes used in extracting many common
metals. The electrolysis of bauxite illustrates another
very important method of extracting metallic elements.

v



vi PREFACE

When the book is used with students who are not pre-
paring for college, the chapters on the ionization theory and
equilibrium may well be omitted. For suchstudents especi-
, ally, the somewhat extended discussion of the compounds of

carbon will doubtless prove interesting and profitable. The
entire text has been made concise enough to enable the
teacher to add supplementary material for illustration.
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ESSENTIALS
OF

MODERN CHEMISTRY

CHAPTER I
MATTER AND ENERGY

1. Why We Should Study Chemistry.—For many
reasons the study of chemistry is very important. It
remained for chemistry, the youngest of the sciences, to
teach us the nature of such common things as the rusting
of iron, the corrosion of metals, the souring of milk, the
decay of foods, the action of acids on metals, and ordinary
burning or combustion. For example, Plato suggested
that during combustion some material escapes from the
burning body, and that the heat and flames indicate the
vigor with which the material rushes out. Later Stahl
devised the ‘“‘phlogiston’ theory, in which it was assumed
that ‘“‘phlogiston’ is present in all combustible material.
In an early chapter the real nature of combustion will be
studied. The introduction of the balance in modern chem-
istry furnished us with an explanation which is not based
upon assumption, but upon facts that may be readily dem-
onstrated by experiment.

Chemistry is not only an excellent study from an intel-
lectual standpoint, but its importance in the industrial

1



2 MATTER AND ENERGY

world can hardly be over-estimated. By nature man is a
constructive being. Before he can manufacture complex
substances, however, he often finds it necessary to break
them up to study their components. This work of de-
termining ‘““what”’ a substance contains, or of finding out
. “how much” of each constituent is present, is the sphere
of the analytical chemist. For example, indigo was at one
time obtained entirely from the plant kingdom. It was
analyzed and its composition studied. In 1880 chemists
learned how to put together its constituents, and at present
the bulk of the indigo in the market is a manufactured
product. Oil of wintergreen is another substance that can
be manufactured at a cost much below that of extracting
the natural product.

Itis part of the work of the chemlst to discover methods
of saving and utilizing by-products. Glycerin, a by-
product obtained from the manufacture of soap, is at pres-
ent more valuable than the soap itself. In the manufac-
ture of illuminating gas, coke, coal-tar, and ammonia are
all valuable by-products. At one time coal-tar was con-
sidered almost worse than useless. Now scores of products
are made from coal-tar and their economic value amounts
to millions of dollars annually.

It has been quite truthfully said, ‘“The civilization of a
country may be estimated by the amount of sulfuric acid
it uses.” This statement concerning a single chemical
emphasizes the relation of chemistry to the most vital
questions of the present day.

2. Matter.—Anything that occupies space or takes up
room is called matter. We detect its presence by the aid
of one or more of the senses, as sight, smell, touch, or taste.
All students recognize matter in the solid or liquid state.
Every one knows that liquids occupy space, but not every
one knows that gases take up room. It is impossible to
pour water into a bottle filled with air or some other gas,
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unless there is an opening by which the gas may escape as
the liquid enters. Thus gases are included under the head
of matter.

3. States of Matter.—There are three states of matter:
solids, liquids, and gases. Solids have a definite volume and
a definite shape. They do not need lateral support to
maintain their form. In fact most solids are so rigid that
they may be subjected to considerable pressure without
distortion. Liquids have a definite volume, but they
take the shape of the containing vessel. Gases have neither
a definite volume nor a definite shape. They expand and
fill the containing vessel. Both liquids and gases are
called fluids, from the Latin word fluere, meaning to flow.

4. Nature of Matter and the Kinetic Theory.—From
its behavior, it is quite evident that all matter is made up
of very small particles, called molecules. These particles
are so small that they can not be seen even with the aid of
the most powerful microscope. The best estimates show
that a liter of gas at standard conditiohs of temperature
and pressure contains 2.69 X 102 molecules. It is esti-
mated that if a drop of water were magnified until it be-
came as large as the earth, its molecules, if magnified corre-
spondingly, would be about as big as oranges. Despite this
large number of molecules, the space between the molecules
is much greater than that occupied by the molecules them-
selves. Small as the molecules are, they are believed to be
made up of atoms, very small particles that are indivisible
by either physical or chemical means.

Several facts show quite conclusively that the molecules
of matter are in rapid motion with respect to one another.
The fact that liquids evaporate is evidence of this motion.
The decided odor of naphthalene, musk, and camphor, and
the rapid diffusion of illuminating gas through a room
when a gas-cock is opened, furnish added proof of molecular
motion.



4 MATTER AND ENERGY

6. Measurement of Matter.—Two systems of measure-
ment are in common use, the English system and the
Metric system. The English system is probably well
enough known so that it need not be discussed here. .

The Metric system is a decimal system. The unit of
length is the meter. It is divided into tenths, or deci-meters;
into hundredths, or centi-meters; and into thousandths,
or milli-meters. Ten meters make 1 deka-meter; 100
meters, 1 hekto-meter; and 1000 meters, 1 kilo-meter.
Arranged in tabular form:

10 millimeters (mm.) make 1 centimeter (em.).
10 centimeters (cm.) make 1 decimeter (dm.).
10 decimeters (dm.) make 1 meter (m.).
10 meters (m.) make 1 dekameter (Dm.).
10 dekameters (Dm.) make 1 hektometer (Hm.).
10 hektometers (Hm.) make 1 kilometer (Km.).

The meter equals 39.37 inches; 1 inch equals 2.54 centi-
meters (Fig. 1).

T O T T T T T T T T T LTI
T T Bl T T T T T T * T
1| 2| 3
INCHES
1INCH = 2.54 CENTIMETERS
1 CENTIMETER = ,303 INCHES
N N L . 7 o 9
T O O O O O D T O T I

CENTTMETERS

Fra. 1.—Comparison of Metric and English units of length.

The metric unit of capacity is the liter. The same pre-
fixes are used as in the table of length. A cubical box 10
centimeters on a side holds 1 liter; thus it is equivalent to
1000 cubic centimeters. It is slightly smaller than the
dry quart and a little larger than the liquid quart (Fig. 2).

The metric unit of weight is the gram. The same pre-
fixes are used as in the table of length. One liter of dis-
tilled water at 4°C., weighs 1 kilogram. Therefore 1 cubic
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centimeter of water weighs 1 gram. The kilogram weight
equals about 2.2 pounds; 1 ounce equals a little more than
28 grams (Fig. 3).

6. Energy.—Energy 18 the capacity for doing work. It
requires some form of energy to produce motion in matter.

F1a. 2—Comparison of Metric and English units of capacity.

In fact to bring about any change in the condition of matter
energy is needed. In turn, changes in matter itself may
liberate various forms of energy.

7. Kinds of Energy.—There are several kinds of energy:
mechanical energy; heat energy; electrical energy; light energy;
and chemical energy. For
doing chemical work all of
the above-named are used
extensively. Energy can not
be destroyed. It is possible
to convert or iransform one
kind of energy mto a d]ﬁel:- Fi1e. 3.—Comparison of Metric
ent form. Thus it is possi- and English units of weight.
ble to use heat energy from
burning coal to produce steam; the steam may be used in
a steam-engine to furnish mechanical energy; electrical
energy may be generated by a dynamo turned by such
mechanical energy; and electrical energy may in turn be
easily transformed into heat, light, or mechanical energy.
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SUMMARY

Chemistry is a cultural study since it answers many
important questions. It is intensely practical, since it is
so important a factor in manufacturing and industrial
operations.

- Matter is anything that occupies space.

There are three states of matter: solids, liquids, and
gases.

According to the kinetic theory, matter is made up of
molecules; these molecules are in very rapid motion.

The Metric system is used extensively in scientific work.
The meter is the unit of length; the liter, the unit of capac-
ity; and the gram, the unit of weight. In the laboratory
solids are usually measured by weight; gases by volume;
and liquids by either volume or weight.

Energy is the capacity for doing work. There are
several kinds of energy: mechanical, heat, light, electrical,
and chemical energy.

PROBLEMS

1. Find the number of grams in a pound. Find your weight
in kilograms.

2. Reduce your height to meters. Find the value of 10 Km.
in miles.

8. What must be the dimensions in decimeters of a cubical
box whose capacity is 1 liter? How many cubic centimeters are
there in 22.4 liters?

4. What advantages has the Metric system over the English
system?

6. A pneumatic trough is 30 cm. long, 2 dm. wide, and 80 mm.
deep. What is its capacity in cubic centimeters? In liters?

6. A bottle holds 1650 c.c. How many grams of water does
it hold? How many liters? How many kilograms?

7. A test-tube 6 in. long has an internal diameter of 3{ in. How
many cubic centimeters does it hold?

Topic for Reference.—History of the Metric System. See
Appendix C.



CHAPTER II
ELEMENTS—MIXTURES—COMPOUNDS

8. Classes of Substances.—Substances may be classified
as elements, mixtures, and compounds. The number of ele-
ments known is not very great, but the number of mixtures
and compounds is enormous. When the various elements
are studied in chemistry, the more important compounds
formed by them are usually discussed at the same time as a
matter of convenience and for purposes of classification.

9. The Element is the Limit of Analysis.—In the preced-
ing paragraph we learned that the number of complex
substances is very great. The analysis of a complex sub-
stance, or of a chemical compound, consists in separating
it into simpler substances, We soon reach a point, however,
where the constituents do not yield to further sub-division.
For example, if we heat the red powder known as mercuric
oxid, it decomposes readily, yielding two substances, mer-
cury and oxygen. All attempts to decompose either mer-
cury or oxygen into still simpler substances have resulted
in failure. For that reason they are called elementary sub-
stances, or elements. '

It is quite impossible to prove that any given substance
- is an element. We know that no one has yet succeeded
in decomposing oxygen into simpler substances, but we can
not prove that some one will not succeed in doing so in
the future by the use of some as yet untried method. At
one time water was considered an element, but it has since
been decomposed into hydrogen and oxygen, two simpler
substances.

7



8 ELEMENTS—MIXTURES—COMPOUNDS

10. Number and Distribution of the Elements.—At the
‘present time slightly more than eighty substances are known
that chemists have good reason to believe are elements.
New ones are being discovered from time to time. Such
substances as iron, copper, oxygen, nitrogen, lead, silver,
and gold have been tested in almost every conceivable
manner without their decomposition into other substances.
Of the eighty-odd elements known, not more than half
are well known. Even the names of many elements are
not familiar, even to well-educated persons. The student -
will be interested in comparing the list of fairly common
elements given on page 9 with the complete list given on
the back cover.

According to an estimate made by Clarke, about 98 per
cent. of the earth’s crust is composed of eight elements in
about the following proportion:

Per cent.
OXygen......ovvieiiie ittt ieaneeanannn. 47.0
Silicon............ ... i 28.0
Aluminum...................... ... ...... 7.9
Iron. ... e e 4.4
Caleium.............oiiiiiiiiiiiiiannn.. 3.4
Magnesium................coiiiiiiiiian., 2.4
Sodium............. ... ... i, 2.4
Potassium..................coiiivunnan.. 2.4

11. Names and Symbols.—Metals recently discovered
have the Latinized ending “um” or “ium,”’ as sodium,
calcium, potassium, radium, and aluminum. The stem
used may depend upon some characteristic property of
the element, the source from -which it is obtained, or it
may be the name of the country in which the element was
discovered.

For convenience, symbols are used to designate elements.
They serve as abbreviations, but the student will learn
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later that .a symbol means more than an abbreviation.
For example, the letter O is used to represent oxygen; it
also means one atom of oxygen, or the smallgst particle
of oxygen that can enter into combination with other ele-
" ments. Usually the first letter of the name of an element
is used as its symbol, as H for hydrogen, N for nitrogen,
or C for carbon. When the names of several elements begin
with the same letter, some other letter is used with the
initial letter, as Cl for chlorin, Ca for calcium, and Cr for
chromium. In several cases the symbol is derived from the
Latin name for the element. Thus Fe from the Latin
word ferrum is the symbol for iron; Pb from the Latin
word plumbum is the symbol for lead ; and Na from natrium
is the symbol for sodium. The following table gives the
names and symbols of the most common elements*
(The following table is for reference only.)

Aluminum.......... Al Lead.............. Pb
Antimony.......... Sb  Lithium........... Li
Argon............. A Magnesium. . ... ... Mg
Arsenic............ As Manganese. ........ Mn
Barium............ Ba  Mercury........... Hg
Bismuth........... Bi Nickel........ Ni
Boron............. B Nitrogen........... N
Bromin............ Br Oxygen............ 0]
Cadmium.......... Cd  Phosphorus........ P
Calcium............ Ca  Platinum........... Pt
Carbon............ C Potassium. ........ K
Chlorin............ Cl Radium........... Ra
Chromium. ........ Cr Silicon............. Si
Cobalt............. Co Silver............. Ag
Copper............ Cu Sodium............ Na
Fluorin............ F Strontium.......... Sr
God............... Au  Sulfur.............. ]
Hydrogen.......... H Tin............... Sn
Iodin.............. I Tungsten.......... W
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. 12. Metals and Non-metals.—Elements are divided
into two classes, metals and non-metals. Substances that
have a luster like steel, that conduct heat and electricity
fairly well, are called metals; substances like sulfur and
phosphorus, that have a glassy or waxy luster, and are
poor conductors of heat and electricity, are'classed as
non-metals. This classification is an old one that is still
retained, although it is not strictly correct. The division
line is not sharply defined, since such elements as arsenic
and antimony, being on the border line, have some metallic
and some non-metallic properties. Such elements are
sometimes called metalloids.

- 18. Mixtures and Compounds.—When a substance is
made up of two or more elements, they may be mechanically
mixed, or they may be chemically combined. Thefollowing
experiment serves to show the differences between a mixture
and a compound. If we put a few iron filings on a piece
of paper and add to them a little powdered sulfur, there is
no apparent action between them. No heat is gained or
lost, no light is emitted, and there is no evidence that elec-
tricity is produced. The two elements may be mized in any
proportion. If we pass a magnet over the mixture the iron
filings are attracted to it and may be readily separated
from the sulfur. If we put the mixture in a test-tube and
heat it slightly, a vigorous action takes place. The contents
. of the tube begin to glow, and even if the external heat is
withdrawn, the whole mass soon becomes red hot. Subse-
quent examination of the product formed shows that an
entirely new substance with different properties than either
the iron or the sulfur possessed has been formed. It can not
be decomposed by mechanical means. If the ingredients
had been weighed, the results would have shown that 7
parts by weight of iron always combine with 4 parts by
weight of sulfur. Any excess of either element is always
left uncombined.
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Air, flour, baking powder, and the various kinds of
.goils are .examples of mixtures. The per cent. of their.
constituents may vary widely. Water, starch, sugar, and
salt are examples .of compounds. Their constituents are .
always present in the same proportion by weight. The
several differences between a mixture and a compound may

be summarized in the following contrasting table:

MIXTURE
In a mizture the constituents
may be present in any propor-
tion.
In preparing a mizture, there
18 no evidence of any chemical
" aetion, such as the evolulion of
heat, light, gas, or electricity.

A mizture may often be sepa-
rated by mechanical means.

CoMPOUND
A compoumd always has a
definite composition by wetght.

. In the preparation of a com-
pound, some evidence of chem~
ical action is apparent. Heat'
or light may be emitted or ab-
sorbed, an electric current pro-
duced, or a gas Uliberated.

The constituents of a com~
pound can be tsolated by chem-

ical means only.

14. Law of Definite Proportions.—John Dalton was the
first to call attention to the chief difference between a
mixture and a compound. This difference is clearly formu-
lated in Dalton’s law of definite composition or propor-
tion: Every compound has a definite composition by weight.
This is the fundamental law upon which the whole science
of modern chemistry is based.

16. Formulas.—A formula is often used to show of what
constituents a compound is made up. The formula for
water is HyO. This formula represents 1 molecule of
water. It shows that each molecule of water contains
2 atoms of hydrogen and 1 atom of oxygen. If we write
2H,0, the expression represents 2 molecules of water,
each containing 2 hydrogen atoms and 1 oxygen atom. The
number before a formula always shows the number of.
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molecules taken; the number following each symbol shows
the number of atoms of that element in each molecule of
that compound. ‘

16. Properties of Elements and Compounds.—We
identify elements and compounds by means of their prop-
erties. There are certain general properties common to all
matter. Of course such properties are of no value for
identification purposes. However, all substances have
certain special properties by means of which we recognize
them. The more peculiar the properties of a substance,
the easier it is to identify it. Alcohol is easily recognized
by its peculiar odor. Ammonia may be detected by its
odor. Table salt may be identified by its taste. Since
the number of compounds that may be formed from the
elements is almost infinite, the only method suitable for
the chemist is to classify compounds according to similar
properties, and then identify each one by its peculiar
individual properties. .

In studying properties we distinguish between physical
properties and chemical properties. Under physical prop-
erties are included color, odor, taste, solubility in water,
hardness, density, conductivity of heat and electricity, tenacity,
ductility, and malleability. Under chemical properties we
include all chemical activity such as the interaction of the
substance with water, air, acids, and alkalis.

~

SUMMARY

Substances are classed as elements, mixtures, and com-
pounds. An element is a substance that no one has suc-
ceeded in decomposing into simpler substances. More
than eighty elements are known. About half of these are
common. It is estimated that more than 98 per cent.
of the earth’s crust is made up of only eight elements.
Elements are classed as metals and non-metals.
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Symbols are used to represent elements. The symbol is
usually the first letter of the name of the element or the "
first letter and some other letter whose sound is conspicuous
as the name of the element is pronounced.

A substance made up of two or more elements is either
a mixture or a compound. If the elements are chemically
combined and their proportion definite, the substance is a
compound. In a mixture the constituents may be in any
proportion.

A formula is a group of symbols used to show the com-
position of a compound. It also shows the number of
atoms in each molecule of that compound.

Elements and compounds are identified by means of
certain special properties. Such properties are either
physical or chemical. '

QUESTIONS

1. Name five elements; four compounds; three mixtures.

2. If you were given a mixture of sand and sugar, how could
you separate them?

8. How could you separate the iron from a mixture of iron
filings and sulfur?

4. State some of the characteristic properties of (a) gasoline,
(b) alcohol, (c) gold, (d) copper, (e) silver.

5. How would you distinguish between alcohol and gasoline?
How would you tell gold from copper? Salt from sugar?



CHAPTER III
CHANGES IN MATTER

17. Physical and Chemical Changes.—Changes in
matter are of two kinds, physical and chemical. In a
physical change the matter does not lose its characteristic
properties. Its form or its state may be changed. The
melting of ice, changing water to steam, breaking glass
or wood, and dissolving salt in water are all examples of
physical change. In none of these cases does the substance
lose its identity; the molecule is not broken up.

In a chemical change, the substance loses its identity and
forms a new substance or substances with new properties.
Molecules are made up of small parts called atoms. During
a chemical change, the molecule may be decomposed, its
atoms may be re-arranged, or a more complex molecule may
be built up by putting together certain elements. The
burning of wood, the action of an acid on metals, the decay
of plants, and the cooking of meat and eggs are all examples
of chemical change.

18. Causes of Chemical Change.—Heat, light, electric-
#ty, and solution are the most common causes of chemical
change. . '

Wood does not begin to burn until it is heated strongly;
the head of a match is ignited by the heat produced by
friction; heat causes the chemical change in the baking of
bread and the cooking of foods. In the laboratory heat
is generally applied to bring about a chemical change.
Heat is also used to increase the speed of a chemical
reaction. It has been determined that the speed at which

14
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‘a chemical reaction proceeds is practically doubled by
‘increasing the temperature 10°C.

Every one knows that certain colors fade in sunlight.
The student knows that a photographic plate is affected
when exposed to the light. Plants need sunlight for making
starch out of the raw materials obtained from the air and soil.
.A plant kept in the dark soon loses its green color and be-
comes unable to manufacture its food. These are all
examples of the action of light in producing chemical
change. The fact that many chemicals, such as hydrogen
‘peroxid, are kept in dark-colored bottles is further indi-
cation that light is a very active agent in producing chemical

-changes.

When an electric current is passed through water to
which a few drops of sulfuric acid have been added, de-
-composition occurs and the elements hydrogen and oxy-
gen are liberated. Many compounds, when melted, or
dissolved in water, may be separated into their elements
by the passage of an electric current through the molten
mass, or the water solution. Electricity is used commer-
cially in the refining of metals, in electroplating, and in
. electrotyping.

Many substances that show no chemical action when they
are mixed in the dry state, interact readily when in solution.
Baking powder is a mixture of compounds that remains
unchanged if kept dry; as soon as water is added, a chemical
change occurs. Light causes a chemical change in making
blue-prints. 'The blue-prints are developed by the ad-
dition of water, which causes a second chemical change.

19. Classes of Chemical Change.—There are four classes
of chemical change: analysis, or decomposition; synthe-
818, or composition; substitution; and metathesis, or double
substitution.

Analysis is the separation of a compound into its elements.
‘When an electric current is passed through water as above,
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the compound is broken up into its elements. Heating
mercuric oxid decomposes it into mercury and oxygen.
The word equation,

water — hydrogen + oxygen,

isread asfollows: water forms (when decomposed) hydrogen
and oxygen. In all chemical equations the arrow is read
“forms,” “gives,” or “produces.” The plus sign is usually
read ‘“and.” The equation,

mercuric oxid —» mercury + oxygen,

is read as follows: mercuric oxid (when heated) ‘produces”
mercury and oxygen.

Synthesis is the building up of a compound by the direct union
of its elements. By mixing hydrogen and oxygen and pass-
ing an electric spark through the mixture, the compound,
water, may be formed. The equation, hydrogen + oxy-
gen — water, is just the reverse of the equation shown
under analysis. It often happens in chemistry that a
different agent or different treatment may cause a complete
reversal in the direction of a chemical reaction. To show
that & reaction is reversible, two arrows, pointing in
opposite directions, are oftenused. Forexample, the double
arrow in the equation,

water & hydrogen 4 oxygen,
shows that under certain conditions water may be formed
by the union of its elements, and that under other conditions
water decomposes, yielding hydrogen and oxygen. If we
rub together in a mortar a globule of mercury and a
crystal of lodm, they combine to form mercutic iodid.
The equation is as follows:
mercury + iodin — mercuric lodxd
In substitution one element may take the place of another,

or be substituted for it. For example, if we suspend a strip
of zinc in a solution of some lead salt, the zinc goes into
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solution and metallic lead is formed ag represented by the
following equation,

zinc + lead solution — zinc solution + lead.
An arrow pointing upward indicates that the product is

gaseous; & downward pointing arrow indicates that the
product is a precipitate, or an inseluble substance.

Y

S

le- )
F1a. 4a. Fia. 4b.

F1a. 4a.—The zinc strip goes into solution, replacing the lead which is
deposited in the form of crystals. .
Fi1a. 4b.—The zinc goes into solution, replacing the tin. (Substitution.)

* In metathesis there 18 a double substitution; it is really a
change of partners. If we mix solutions of sodium chlorid
and silver nitrate, the sodium and silver exchange places.
The word equation, sodium chlorid - silver nitrate — silver
chlorid 4 sodium nitrate, shows clearly what occurs during
the chemical change.

20. Energy Involved in Chemical Changes.—Although
heat is often needed to start a chemical reaction, yet heat

energy is often produced as the action proceeds. For
2
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example, external heat is used to enkindle wood or coal,
but heat is liberated continuously as the fire .burns.

A chemical reaction that liberates heat as it progresses is

said to be exothermic.
- A reaction that absorbs heat during its progress is
said to be endothermic. Unless external heat be applied
constantly, the action stops.

Other forms of energy are often attendant upon chemical
change. Light energy may be evolved, or it may be used
to produce the change. Electricity is often produced as
a chemical reaction occurs. In a‘voltaic cell the negative
plate is acted upon chemically and the chemical energy is
transformed into electrical energy. Even mechanical
energy may be liberated during chemical action, as in the
detonation of such substances as nitro-glycerin and dyna-
mite, or in the explosion of gun powder.

21. Distinction Between Physics and Chemistry.—
Physics may be defined as the science that deals with physical
chamges. The molecule is the physical unit; so long as it
remains intact, we are dealing with physics, and any change
in matter is physical. Chemistry is the science that deals
with chemical changes; it includes also a study of elements
and compounds. In the study of chemistry the atom is
the unit. The chemist builds up compounds from atoms.
He sometimes decomposes compounds into simpler com-
pounds or into their elements.

22. Inter-relation Between Physics and Chemistry.—
Physics and chemistry are very closely related. We
have seen that heat, light, and electricity, all forms of
energy studied in physics, are the chief factors producing
chemical changes. We have also seen that chemical
energy may be transformed into heat, light, or electricity.
In chemistry we study both the physical and chemical
properties of elements and compounds. A change in tem-
perature or atmospheric pressure very often changes the
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nature of a chemical reaction. Because these two sciences
are 80 closely related, much attention is given to the courses
in physical chemistry as offered by our universities.

SUMMARY ‘

Changes in matter are physical or chemical; in a physical
change the characteristic properties of the substance are
not lost; in a chemical change a new substance with new
properties is formed.

Heat, light, electricity, and solution are the chief causes
of chemical change.

Chemical changes are of four classes: analysls, synthesis,
substitution, and metathesis.

When heat is liberated during a chemical change, the
reaction is said to be exothermic; when heat is absorbed
during the change, we have an example of an endothermic
reaction.

Physics deals with physical changes; chemistry deals
with chemical changes and the study of elements and
compounds.

It often happens that a physical cause produces a chem-
ical effect or at least so affects the efficiency that a study
of physics is very important to a clear understanding of
chemistry.

QUESTIONS
1. State whether the following changes are chemical or physical:
(a) The burning of wood. (b) The souring of milk.
(c) The fermentation of sugar. (d) Weaving cotton cloth.
(¢) The decay of food. . (f) Melting of lard.
(9) Tarnishing of brass. (k) Rusting of iron.

(¢) The evaporation of alcohol. (7) The explosion of dynamite.
2. Formerly it was customary to mix soda and sour milk directly
when used for baking; now it is customary to mix the soda with the
flour and then add the sour milk. Is there a good reason for the
latter practice? v
3. Which of the chemical changes of question 1 are exothermie?
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OXYGEN

23. Occurrence.—We have already learned that oxygen
is the most abundant element. Most common substances
contain a high percentage of oxygen. Water is more than
88 per cent. oxygen; clay, sand, and limestone are about
50 per cent. oxygen; and the air itself is rather more than
20 per cent. oxygen. It is also present in all plant and
animal tissues.

24, Preparation.—There are many ways of preparing
oxygen. Only three will be given here:

1. By Heating Mercuric Ozid (Historical).—Mercuric oxid
is a red powder composed of mercury and oxygen. When
this powder is heated strongly the oxygen is given off and
mercury remains. This is an expensive method of preparing
oxygen and is of interest from its historical value only.
In 1774 Priestley prepared oxygen by heating this red
powder. Priestley did not name the gas oxygen. He
described it as a gas having about the same properties as
air, but in “greater perfection.”

Scheele, a Swedish chemist, working independently dis-
covered oxygen at about the same time, but his results
were not published until 1777.

2. By Heating a Mizture of Manganese Dioxtd and Potas-
sium Chlorate (Usual laboratory method).—Potassium chlo-
rate is a white crystalline solid consisting of potassium,
chlorin, and oxygen. About 39 per cent. by weight is
oxygen.. When this compound is heated, either alone or
mixed with manganese dioxid, oxygen is liberated. The

20
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‘gas is collected by water displacement as shown in Fig. 5.
The following word equation shows how decomposition
occurs:
potassium chlorate — potassium chlorid + oxygen.
{"ﬁ.‘”*‘.:“"’ { Bhloma™
oxygen

The manganese dioxid serves here as a catalytic agent.
When it is present the decomposition of the chlorate pro-
ceeds more rapidly, the evolution of the gas is more regular

Y

Fi1a. 5.—Apparatus for preparing oxygen."

and it occurs at a lower temperature. The manganese
dioxid appears unchanged at the end of the reaction. Any
substance which by its presence atds in producing or accelerating
- chemical action without itself being permanently changed is
called a catalytic agent. 1t is similar to the action of a whip
on a horse; without helping the horse it makes him go
faster. There are also cases of negative catalysis. For
example, acetanilid is added to hydrogen peroxid to prevent
or retard its decomposition.
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3. By Electrolysis (Commercial).—When a current of
electricity is passed through acidulated water, oxygen is
liberated at the positive terminal and hydrogen at the
negative terminal (Fig. 6). This method is used for pre-
paring oxygen on a large scale for commercial use. It is

forced into steel cylinders
under pressure and put on

the market in that form.
25. Physical Properties.—
Pure oxygen is a colorless,
odorless, tasteless gas. It is
slightly heavier than air. At
standard conditions of temper-
ature and pressure (0°C. and
a pressure of 1 atmosphere or
760 mm. of mercury), 1 liter
of oxygen weighs almost 1.43
grams. One liter of air “at
Fia. 6.—Apparatus for the elec- the same standard temper-
trolysis of water. ature and pressure weighs
about 1.29 grams. It is
slightly soluble in water, 3 volumes of oxygen dissolving
in 100 volumes of water at the ordinary temperature. If a
glass of water stands for some time in a warm room, bub-
bles of gas appear. This is largely oxygen, which is less
soluble in warm water than in cold. Like all gases, if
cooled sufficiently while the pressure upon it is increased,
it is converted into a liquid. Liquid oxygen is pale blue

in color.

26. Chemical Properties.—The most important chemical
property of oxygen is its activity. At ordinary temnera-
tures oxygen interacts slowly with substances or in some
cases not at all. At higher temperatures it reacts rapidly
with most substances, usually with the evolution of heat
and light.



Joseph Priestley (1733-
1804), an English writer, is
generally considered the dis-
coverer of oxygen. He col-
lected gases by mercury
displacement, and invented
the pneumatic trough. He
discovered ammonia, nitrous
oxid, and nitric oxid.
Priestley was a stanch sup-
porter of the phlogiston
theory of combustion. He
believed the gas hydrogen
to‘be phlogiston.

Antoine Laurent Lavoisier
(1743-1794), a French in-
vestigator, is called the
founder of modern chemistry.
By the use of the balance he
proved that whatever the
change in matter, the total
amount remains the same.
He studied combustion and
showed that mercury gains
in weight when heated in the
air. He explained the com-
position of air and water,

- gave to hydrogen and oxygen

their present names, and
advocated the theory of the
indestructibility of matter.
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27. Oxidation.—That process by which oxygen unites with
some other substance 13 called oxidation. It may occur
slowly, in which case it is not generally accompanied by
light or noticeable heat, or it may occur rapidly. The
rusting of some metals, and the decay of wood and vegetable
matter are examples of slow oxidation.

The oxygen may be furnished by the air or by some
substance rich in oxygen. Any compound that gives up tts
ozygen to a substance more readily than the air is a good
oxtdizing agent. Potassium chlorate is an example.

The compound formed by the union of oxygen with some
other element is called an ozid. In chemistry a binary
compound, or one containing only two elements has the
ending 1d.

Fia. 7—A burning oil-tank. The combustion is so rapid that only a
part of the carbon is oxidized.

28. Combustion.—Any chemical action that occurs so
rapidly that light and heat are produced, s called combustion.
Ordinary burning is rapid oxidation (Fig. 7). The nature
of ordinary combustion was first shown by Lavoisier, a
French Chemist.
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He had been studying the rusting of metals in air, and, hearing
of Priestley’s experiments, he concluded that the ‘ perfect air”
described by him was only a very active part of ordinary air.
Using an apparatus like that shown in Fig. 8, he heated a weighed
quantity of mercury in the retort r. The bell-glass b contained
a definite volume of air confined by the mercury in the dish d.
During the heating the mercury in the dish rose in the bell-glass
showing that the volume of air was being diminished. At the
same time the mercury was being converted into a red powder.

Fia. 8.—Apparatus illustrating method used by Lavoisier to show the
nature of combustion.

After 12 days the action stopped. The mercury in the retort
had increased in weight and the volume of air in the bell-glass
" had shrunk to about four-fifths its original volume. Evidently
one-fifth of the air had united with the mercury to form the red
powder. When this powder was afterward heated more strongly,
a gas was given off which was like Priestley’s ¢ perfect air.”

Lavoisier named this gas oxygen and proved by his
experiment that ordinary burning ts the union of oxygen
with some other substance. Due to this discovery, Lavoisier
is commonly called the father of modern chemistry.

Since only about one-fifth of the air is oxygen, substances
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burn more rapidly. in oxygen than in air and some sub-
-staneces- burn readily in oxygen that do not burn in air. .
A glowing splinter thrust into a bottle of oxygen bursts
into flame. This serves as a test for oxygen. Iron burns
in oxygen giving off dazzling white sparks.

Since oxygen is required for
. . . TIP HAS LOW KINDUING TEMPERATURE
ordinary burning, the gas is J{gEEE————— <o
said to support combustion. KINDLING TEMPERATURS RIGHER

29. Kindling Temperature.  Fra. 9.—Match (longitudinal
—The furniture of a room is section).
surrounded by air containing oxygen, but it does not take
fire. Before wood begins to burn, heat must be applied to
raise it to a certain temperature. The temperature at which
a substance takes fire, or begins to burn, 18 called its kindling
temperature. 'This temperature varies with the nature of
the substance. Phosphorus has a very
low kindling temperature, a slight amount
of friction raising its temperature enough
to enkindle it. The head of a match is
made of some material that has a low
kindling temperature. As it burns the
[+ reaction is exothermic, and enough heat
is liberated to enkindle the match-stick
(Fig. 9).

Since in burning, the oxygen unites

with the substance, combustion can occur
heﬁ"{n 1112;1:4;::'1; at the surface only. A match supported
that combustion oc- as in Fig. 10 in the center of the flame
f,‘;l';.“ the surface ¢ , Bunsen burner is not enkindled,

showing that such a flame is hollow and
that combustion occurs at the surface only. This fact
may also be shown by momentarily thrusting a sheet of
paper down upon the flame. " The charred spot on the paper
- will be circular. 1t will be of interest to study the effect .
of increasing the surface of a combustible substance. If
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we split a block of wood, two new surfaces are exposed to
the oxygen and combustion is more rapid. 1f these pieces
are split again still more surface is exposed. A powdered
substance has such an extensive surface that it burns
almost instantly, or explosively if it is loose enough so oxy-
gen can penetrate it readily. One type of explosion may be
defined as practically instantaneous combustion throughout
the entire mass. _

30. Principles Involved in Extinguishing Fires.—We
have seen that three things are necessary for combustion
to occur: (1) Combustible material; (2) a supply of
ozygen; (3) the substance must be raised to its kindling tem-
perature. Extinguishing a fire may be accomplished:
(1) by removing the combustible material; (2) by shutting
off the supply of oxygen; (3) by cooling the substance below
138 kindling temperature. The successful application of any
one of these principles extinguishes the fire. In large
city fires, buildings are often dynamited to make the com-
bustible material inaccessible. Water lowers the tempera-
ture and as it evaporates, its vapor shuts off the supply of
- oxygen. A wet blanket, or a quantity of sand, shuts off
the oxygen supply. The effect of lowering the temperature
may be seen by holding a copper spiral in a candle flame.
The copper conducts the heat away so rapidly that the
temperature falls below the kindling point.

31. Spontaneous Combustion.—Several substances oxi-
dize slowly even at the ordinary temperature and some heat
is produced. If the air can not circulate freely to dissemi-
nate the heat, or if the substance is a very poor conductor,
the accumulation of heat may eventually raise the tempera-
ture to the kindling point. Oily rags thrown in a closet
and left undisturbed are a source of danger since the slow
oxidation of the oil may heat them to their kindling tem-
perature. Fires are often started in this way by sponta- -
neous combustion.
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32. Products of Combustion.—1lluminating gas contains
compounds of carbon and hydrogen. As it burns the car-
bon unites with the oxygen to form carbon dioxid. The
hydrogen unites with oxygen forming water. If a beaker
of cold water is held in the flame of a Bunsen burner,
drops of water formed from the burning hydrogen soon
condense on it. The wax of a candle is also composed of
carbon and hydrogen. If a short piece of candle is put in a
wide-mouthed bottle and lighted; it soon goes out after the
bottle is stoppered, the oxygen being used up. A little lime-

. water poured into the bottle becomes milky as the bottle
is shaken showing that carbon dioxid was formed by the
burning candle. Wood and coal also form water and car-
bon dioxid when burned. The mineral matter remains as
an ash. Thus the chief products of ordinary burning are
water and carbon dioxid.

33. Weight Changes in Burning.—Lavoisier found that
mercury increases in weight when it is converted into the
red powder, mercuric oxid. The same is true of all metals
that unite with oxygen, such as magnesium, tin, copper, and
iron. The increase in weight is evidently due to the weight
of the oxygen added.

Wood and coal appear to lose weight when burned. If,
however, we weigh both the ash that remains and the gases
that are produced, we find that in these cases also there is a’
decided increase in weight. One ton of pure charcoal forms
about 324 tons of carbon dioxid when it burns.

34. Incombustible Material.—It is easy to see why water
does not burn if we stop to consider that the hydrogen
it contains has already united with all the oxygen it can
hold. The same is true with carbon dioxid. Many sub-
stances that do not burn are oxids similar in nature to
these products of combustion, water and carbon dioxid.
For these reasons such substances as magnesium oxid and
“calcium oxid make good fireproof materials.



30 OXYGEN

36. Relation of Oxygen to Life.—Oxygen is one of the
most important elements. Without it animals could live
only a short time. Taken in through the lungs, it is carried
by the hemoglobin of the blood to all parts of the body.
It oxidizes a part of the food, thus supplying warmth to

the body and furnishing it
with heat energy. It oxi-
dizes the waste tissues so
they may be readily re-
moved by the organs of
excretion. Carbon dioxid
and water vapor, waste
products from oxidation
are exhaled from the lungs.
36. Decay.—Plant and
animal tissues contain car-
bon and hydrogen. Decay
is the slow oxidation of
b these tissues. The pres-
ence of bacteria is neces-
sary before 'decay can
occur. For this reason dry
wood does not decay since
bacteria grow on moist
substances only. The
spoiling of food is often
Fia. 11 —Self-contained oxygen  due to slow oxidation in
reathing apparatus. the presence of bacteria.

37. Uses of Oxygen.—It is possible to buy oxygen kept
in metal cylinders under considerable pressure. 1t finds
extensive use with hydrogen in the oxy-hydrogen blowpipe
or with acetylene in the oxy-acetylene blowpipe. The very
high temperature produced as these gases under pressure
are burned makes the flame suitable for melting, cutting,
or welding metals.
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Oxygen helmets are used extensively by firemen and
miners whose work makes it necessary for them sometimes
to enter buildings or mines filled with smoke or poisonous
gases. The oxygen is generated by chemicals and supplied
through a flexible tube to a mask that fits over the nose and
mouth of the wearer, or in some cases it is supplied from

_small storage cylinders. Fig 11 shows a self-contained
oxygen-breathing apparatus. Oxygen under pressure is

Fia. 12.—The lungmotor is a double action pump used for artificial
respiration. The piston stroke may be adjusted to vary the capacity.

carried in cylinders at the back. Through a reducing valve
it is supplied to the breathing bag which is carried on the
wearer’s chest. A

Pure oxygen is often given to persons suffering from
pneumonia or in case the person is too weak to inhale the
necessary volume of air. In case of asphyxiation from
inhaling smoke, illuminating gas, or from electric shock,
.a pulmotor or a lungmotor is used. By means of the lung-
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motor air rich in oxygen is pumped into the lungs at about
the same intervals as in ordinary breathing. In some cases
pure oxygen is used (see Fig. 12).

Oxygen in the air itself is a very valuable aid in destroying
bacteria. Rivers containing sewage are purified in flowing
considerable distances by contact with the oxygen in the air.
In some sewage disposal plants the sewage is sprayed into
the air to be purified by the oxygen. A similar method is
used for purifying city water supplies.

ozoNE <—r_J ‘l +

F1a. 13.—Ozonizer.

38. Ozone.—It is not unusual for the same element to
exist in two or more different forms. Each is called an
allotropic modification of the other. Ozone ¢s an allotropic
form of ozxygen.

Ozone is prepared commercially by passing the ‘“brush
discharge” of an electrical machine through oxygen. Fig.
13 shows an ozonizer. The tin foil layers on the inner and
outer tube are connected to the terminals of an induction
coil. A current of air or oxygen passes slowly through
the space between the concentric tubes.

Ozone has an irritating odor. It is heavier than oxygen
and considerably more soluble in water. It is much more
active at the ordinary temperature than oxygen. It
attacks silver and mercury forming black oxids of these
metals. Bacteria are readily destroyed by ozone. It is
one of the most vigorous oxidizing agents known. It
causes many colors to fade very rapidly. At a high tem-
perature it is converted into oxygen.
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Ozonizers have been recently installed in connection with
ventilating systems to free the air from bacteria. Their
usefulness in this respect is still a debatable question. In
several cities, as Lille, Paris, and Petrograd, ozone is used
to purify water in city reservoirs. Ozone is also coming
into fairly extensive use in the bleaching industry. In
both cases it has the advantage over other bleaching
and disinfecting agents of leaving no injurious products
after the action is complete, since only oxygen remains.

SUMMARY

Oxygen is prepared commercially by the electrolysis of
water. In the laboratory it is usually prepared by heat-
ing a mixture of potassium chlorate and manganese
dioxid.

Oxygen is a colorless, odorless, tasteless gas. It is
slightly soluble in water. One liter of oxygen weighs
1.43 grams. Chemically oxygen is among the most active
elements, especially at high temperatures.

A catalytic agent is a substance that aids chemical
action without itself being permanently changed.

The process by which oxygen unites with some other
substance is called oxidation. The compound furnishing
the oxygen is the oxidizing agent. The substance upon
which the oxygen acts is oxidized. The product formed
is usually an oxid. .

Ordinary combustion is rapid oxidation. Before a
substance unites with oxygen so rapidly that light and heat
are produced it must be heated to a point called its kindling
temperature. '

Three things are needed for combustion: (1) combustible
material; (2) a supply of oxygen; (3) the material must be
heated to its kindling temperature. Fires are extinguished
by eliminating any one of the above factors.

3
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Substances increase in weight when burned on account
-of the addition of oxygen. .

Water and carbon dioxid are products of ordmary
combustion.

Ozone is a very active form of oxygen.

QUESTIONS

1. Why would fishes die if put in an aquarium of water which
had been heated to the boiling point and subsequently cooled?

2. What changes would occur in nature if the air were pure
oxygen?

8. What products are formed by burning tin, copper, phos-
phorus, magnesium, iron, and sulfur?

4. In starting a hard coal fire, paper, wood, and coal are usually
added successively. Explain.

6. When one end of a splinter is thrust into a flame, why does
it not burn throughout its entire length as soon as it is enkindled?

6. Why are manufacturers especially interested in catalytic
agents?

7. Why does a book or magazine burn so slowly?

8. Why is a candle extinguished by blowing? Why does blow-
ing a fire cause it to burn more vigorously?

9. Since powdering a substance makes it burn more rapidly,
why is it so difficult to burn coal dust in a furnace?

10. Which should you use to put out a gasoline fire, water or
sand? Why?

11. Baking soda gives off carbon dioxid when heated. Is it
suitable for use in fire extinguishers?

12. Pyrene fire extinguishers contain carbon tetrachlorid, a

volatile liquid whose vapor does not burn. Explain how it puts .-

out a fire.

13. If water is 88.88 per cent. oxygen, how many liters of
oxygen can be prepared from 100 grams of water by electrolysis?

14. How many liters of oxygen can be obtained from 5 grams of
potassium chlorate, if it is 39 per cent. oxygen?

Topics for Reference.—The Davy safety lamp. Brin’s process
for making oxygen. Construction of the oxygen helmet. Phlogis-
ton. Theories of the Alchemists.
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HYDROGEN

39. Occurrence.—Although not an abundant element,
yet hydrogen is widely distributed. Since it is present in
all plant and animal tissues it is a very important element.
Water is one-ninth hydrogen; all acids contain hydrogen.

40. Preparation.—There are several ways of preparing
hydrogen, of which three are given here.

1. By the Electrolysis of Water (Commercial).—Under
oxygen we learned that water may be decomposed by pass-
ing an electric current through it. The gas that appears at
the positive terminal is oxygen; that which is collected at
the negative terminal is hydrogen. The hydrogen thus
obtained is stored in steel cylinders under pressure.

2. By Substituting a Metal for the Hydrogen in Water.—
Some very active metals, such as sodium and potassium,
decompose water liberating a part of its hydrogen, and
combining with the oxygen and part of the hydrogen.
Enough heat is liberated to melt the metal, which floats
on the surface of the water. Potassium furnishes enough
heat to enkindle the hydrogen. That the action is one
of substitution may be seen from the following word
equation:

T
Sodium 4+ water — hydrogen + sodium hydroxid
{hydrogen sodium
oxygen hydrogen
oxygen
The sodium hydroxid is a white caustic solid that may be
obtained by evaporating the undecomposed water.
35
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Magnesium decomposes boiling water slowly. Iron
is another metal that decomposes water at a high tempera-
ture. When steam is passed over heated iron the oxygen
of the steam unites with the iron and hydrogen is set free,
according to the following equation:

Iron + steam — hydrogen + iron oxid

{ hydrogen {lron
oxygen oxygen

3. The Action of Acids on Metals (Usual laboratory
method).—All acids contain hydrogen. Many metals
interact with acids in water
solution, setting free their
hydrogen. Zinc or iron is
usually used with dilute
sulfuric acid or dilute
hydrochloric acid. Fig. 14
shows the apparatus com-
monly used in the labora-
tory to prepare hydrogen.
The gas is collected by water displacement. The speed at
which it is evolved depends upon the amount of surface
the metal exposes, its purity, the strength of the acid
solution, and the temperature. The chemical action as
shown below is one of substitution.

Fi1ac. 14.—Hydrogen generator.

Zinc + sulfuric acid — hydrogen + zinc sulfate
hydrogen zine
sulfur sulfur
oxygen oxygen

Zinc + hydrochloric acid — hydrogen + zinc chlorid
{ Kdrogen {zino

lorin chlorin

It is customary to say that the metal dissolves in the acid,
although the statement is incorrect. In reality, the metal
and acid interact, liberating hydrogen as a gas, and forming
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a salt which dissolves in the water present. Zinc sulfate
and zinc chlorid are both white salts that may be recovered
by evaporating the excess water.

41, Physical Properties.—Hydrogen is a colorless, odor-
less, tasteless gas. It is the lightest gas known, being
only about one-fourteenth as heavy as air, and one-sixteenth
a8 heavy as oxygen. One liter at

standard conditions weighs almost T MEMBA
0.09 gram. It is very slightly
soluble in water.
Liquids and gases have the J
e——

property of intermingling through ==\
the pores of membranes (Fig. 15).
This is called osmosis. Hydrogen
diffuses in this manner more
rapidly than any other gas, ‘the
rate of effusion of gases being in-
-versely proportional to the square

t of their densities. - This makes
it difficult to keep hydrogen in semiiy eses | ioreson
containers. Rubber balloons filled membranes by osmosis.
with hydrogen soon' collapse due to
the rapid escape of the hydrogen through the pores of the
rubber.

Such metals as platinum and palladium absorb hydrogen
in large quantities. The absorption of hydrogen in this
manner is called occlusion. Considerable heat is produced
as the absorption occurs, sufficient sometimes to enkindle
the gas. Practical use is made of occlusion in the self-
lighting gas jets and cigar-lighters.

42. Chemical Properties.—Hydrogen is not an active
element. When oxygen and hydrogen are mixed no chemical
action occurs. If the mixture is heated to about 800° or
if a flame is brought into contact with it, the mixture
explodes violently. Hydrogen and chlorin combine ex-
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plosively in direct sunlight, forming hydrogen chlorid.
Under suitable conditions hydrogen combines with nitrogen

Fia. 16.—Hy-
drogen burns but
does not support
combustion.

to form ammonia, a very important com-
pound. Under certain conditions hydrogen
has been made to combine with certain
metals, forming hydrids. Calcium hydrid
interacts with water, hydrogen being liber-
ated.

Hydrogen burns with a very hot, pale blue,
nearly invisible flame, forming water as its
only product of combustion. A blazing
splinter thrust into a bottle of hydrogen,
as shown in Fig. 16, is extinguished,
although the hydrogen catches fire and
burns at the mouth of the bottle. This
experiment shows that hydrogen does not
support combustion.

43. Reduction.—In its narrowest sense reduction may
be defined as the abstraction of oxygen from a compound. , If

Fia. 17.—Reduction of copper oxid to metallic copper by the use of

hydrogen.

we pass a stream of hydrogen over heated copper oxid, as
shown in Fig. 17, the hydrogen unites with the oxygen,
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forming water, and reduces the copper oxid to metallic
copper. The U-tube contains granular calcium chlorid
which dries the hydrogen gas before it comes into contact
with the copper oxid. The equation follows:

copper oxid + hydrogen — copper + water

{ copper { hydrogen
oxygen oxygen

It is easy to see that oxidation and reduction are opposite
processes. In the above reaction the copper oxid was
reduced, while the hydrogen was oxidized; the copper oxid
was the oxidizing agent, hydrogen the reducing agent.
Oxidation and reduction are very important processes in
chemistry. Often they occur simultaneously, one sub-
stance being oxidized as another is reduced.

44. Uses of Hydrogen. '

1. As a Reducing Agent.—We have just seen that hydro-
gen is a reducing agent. It is one of the most energetic,

|
|

F1a. 18.—Blimp type dirigible. (Used by U. 8. Navy.)

since it unites readily with oxygen with the evolution of
large quantities of heat.

2. For Its Buoyancy.—Because hydrogen is so much
lighter than air, it is used for filling balloons. Its lifting
power per liter is equal to the différence between the weight
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of 1 liter of air (1.29 grams) and 1 liter of hydrogen (0.09
gram). There are 1000 liters in 1 cubic meter, hence for
every cubic meter capacity a balloon’slifting power when filled
with hydrogen is 1.2 kilograms, or 2.64 pounds. Military
balloons of the Zeppelin type have a capacity of several
thousand cubic meters, and can carry several tons. Fig. 18
shows an airship of the Blimp type that is used by the U. S.
Navy.

3. For Its Heating Effect—Hydrogen makes an excellent
fuel. It is an important constituent of illuminating gas.
It is also used in the oxy-
hydrogen blowpipe, which
consists of two concentric
tubes as shown in Fig. 19.

1 uvonoasx Hydrogen from a storage

Fra. 19.—Oxy-hydrogen blow-pipe.  cylinder passes through the

outer tube and is lighted

at the tip of the blowpipe. As the oxygen, passing

through the inner tube, combines with the hydrogen a very

hot flame is produced. Its temperature is about 2300°C.

Platinum and such refractory substances as aluminum
oxid are readily melted in this flame.

4. For Its Lighting Effect.—Although the oxy-hydrogen
flame is nearly colorless, yet when it is directed against a
stick of calcium oxid, or lime, a very intense white light is
produced. The lime does not melt, but it is heated white
hot. Any substance thus heated until it glows is said to be
incandescent. The lime light was formerly much used for
stereopticon work and stage illumination, but the electric
arc lamp has largely taken its place.

5. Hydrogenation of Oils—Hydrogen is now being used
quite extensively in the hydrogenation of oils. Certain
oils, such as cotton-seed oil, when treated with hydrogen
in the presence of a suitable catalytic agent (finely divided
nickel) are changed into solid fats that may be used as a

\UJ

pay |
—==
!
5
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substitute for lard. The substance sold under the name
of Crisco is made by this process from cotton-seed oil.
Certain fish oils, when thus treated, lose their disagreeable
odor and are useful for making soap.

SUMMARY

Hydrogen may be prepared: (1) by electrolysis; (2) by
substituting a metal for the hydrogen of water; (3) by
substituting a metal for the hydrogen of an acid.

Hydrogen is an odorless, tasteless, colorless gas. It is
scarcely soluble in water. It is the lightest gas known.
One liter weighs 0.09 gram. Hydrogen burns, but does
not support combustion

Reduction is the process of abstracting oxygen from a
compound.

Hydrogen is used extensively as a fuel, for reduction,
for filling balloons, and in the hydrogenation of oils.

QUESTIONS AND PROBLEMS

1. What precautions should be taken in preparing hydrogen by
the usual laboratory method?

2. Would hydrogen gas make a good fuel? 1Is it suitable for
illuminating purposes?

3. How could you distinguish hydrogen from oxygen?

4. Should bottles of hydrogen be kept mouth upward or mouth
downward? Explain.

6. Which metal would you use for preparing large quantities-
of hydrogen, zinc or iron?

6. Sulfuric acid is 2.04 per cent. hydrogen. How many grams
of sulfuric acid are needed to prepare 10 liters of hydrogen?

7. How many cubic meters must a balloon hold to have a
lifting power of 1000 Ib. when filled with hydrogen?



CHAPTER VI
FUELS—ILLUMINANTS

45. Fuels Defined.—A fuel may be defined as any
substance that readily combines with the oxygen in the
air to furnish heat and light.

46. Characteristics of a Good Fuel.—A good fuel should
have the following characteristics:

1. Low cost. Not only the original price of the fuel
should be considered, but the cost of handling and trans-
porting it.

2. It should be easily enkindled and not burn too rapidly.

3. Very little ash.

4. It should have a high heat content. '

5. No waste products that may become a nuisance.

Let us note briefly how soft coal meets the above condi-
tions. (1) Since it occurs in nearly every State in the
Union, its original cost is not very great; it does not have
to be carried very far, so the transportation charge is mod-
erate. (2) Its kindling point is low enough to offer no diffi-
culty in starting combustion and it does not burn up
quickly. (3) The amount of ash remaining is fairly low,
usually from 5 to 10 per cent. (4) It has a high heat con-
tent, as 1 gram of a good soft coal furnishes about 8000
calories when burned. The heat content of a fuel is meas-
ured in calories. One calorie 18 the amount of heat re-
quired _to raise the temperature of 1 gram of water from 0°C.
to 1°C., or through 1°C. (5) Dense clouds of black smoke
and cinders pour from the chimney when soft coal is burned.

42
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The giving off of these undesirable products as it burns
forms the chief objection to the use of soft ceal as a fuel.

47, Kinds of Fuel.—Under solid fuels are included peat,
the various kinds of coal (cannel, bituminous, and anthracite),
wood, coke, and charcoal.

A few liquid fuels are used to a large extent. The
most common are pelroleum, kerosene, gasoline, and
alcohol.

" Gaseous fuels have become quite popular. Natural
- gas, coal gas, waler gas, producer gas, and acetylene are ussd
quite extensively. They have a high heat content, no ash,
no undesirable waste products and the cost is not excessive.
Gas is especially desirable as a fuel for cooking purposes.
The heat is concentrated at one point. It is so easily
enkindled that it is turned off as soon as the cooking is
finished and it is ready at any time for instant use. In
contrast, a coal fire is enkindled with so much difficulty "
that when once started, it is kept burning, thus wasting
the fuel.

48. Composition of Fuels.—Of the fuels named above
charcoal and coke are nearly pure carbon. Hard coal is
from 80 to 90 per cent. carbon. Soft coal contains slightly
less carbon than hard coal. Coal always contains some
uncombined or free carbon and a certain percentage of
hydrocarbons. A hydrocarbon is a compound of carbon
and hydrogen. Wood is composed largely of cellulose,
a compound of carbon, hydrogen, and oxygen. Wood dlso
contains considerable water.

The liquid fuels are composed almost entirely of hydro-

carbons, except alcohol, which contains oxygen, carbon,
and hydrogen.
" The gaseous fuels consist largely of hydrogen, hydro-
carbons, and carbon monoxid. Fig. 20 shows a more com-
plete composition of several important solid fuels. The
heat content of the fuels is also tabulated.



44 FUELS—ILLUMINANTS

49, Products Formed by the Combustion of Fuels.—
Fuels that contain carbon only, as charcoal and coke,
form nothing but oxids of carbon when they are burned.
Fuels that contain hydrocarbons form both carbon dioxid
and water. It is of interest to note that in hydrocarbons

1 2:.‘;‘00
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F16. 20.—Table of fuel composition. Relative heat content of fuels.
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rich in carbon, the supply of oxygen may not be great
enough to oxidize both the hydrogen and the carbon. The
hydrogen in such cases is oxidized and carbon set free.
A part of the carbon may unite with some oxygen to form
carbon monoxid. :
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60. Steam-heating Furnaces.—From a study of Fig.
21, we may get a good idea of the chemistry of fuels. If
coal is placed upon the grate and enkindled, it is oxidized
by the air that enters from beneath through the draft d.
In starting a fire the damper in the pipe at b should be open
so the upward current in the
chimney will increase the draft T
through the grate. Part of
the water in the boiler is con-
verted into steam which rises
to the radiators and heats the
rooms. If we close the draft
d and partly close b, only a
little oxygen comes into con- b
tact with the fuel and it burns %‘:
slowly. It may be made to 7o
burn still more slowly, if the
check draft ¢ is open, since R
cold air enters and cools the PR
fuel until it is only slightly
above the kindling tempera-
ture. Throwing on fresh fuel
also cools the fire. If too
much is added at one time, the fire may be extinguished by
being cooled below the kindling temperature of the fuel.

Another chemical effect is produced when fresh coal is
thrown on a fire. Carbon is a reducing agent. As the car-
bon dioxid which was formed by the burning of the live
coals underneath comes into contact with the carbon of
the fresh coal the following partial reduction occurs:

Fig. 21.—S8team heating furnace

carbon + carbon dioxid — carbon monoxid.

The uncombined carbon takes part of the oxygen from
the dioxid to form the monoxid. Carbon monoxid is a very



46 FUELS—ILLUMINANTS

poisonous gas. If the furnace door is left open, it'may find
its way to the living rooms above. This frequently happens
when a fire is banked for the night.

51. Smoke.—Smoke contains some small particles of
very finely divided ash, but its chief constitient is unburned
carbon in the form of soot or cinders. Soft coal contains
so much hydrocarbon that the supply of air is seldom
sufficient to oxidize all the carbon. In cities where large

Fgo. 22.—Automatic stoker and smoke consumer.

quantities of soft coal are used as fuel, the smoke nuisance
is almost intolerable. It is estimated that the smoke nui-
sance costs the inhabitants of the city of Pittsburgh over
$10,000,000 annually. Estimates place the cost in the
- United States in waste of fuel, extra laundry work, and
other expense at $500,000,000 annually. This does not
include discomfort and injury to health.
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62. Smoke Consumers.—The unburned carbon in smoke
is not only very undesirable, but it is very wasteful, since
it still has a very high heat content. For these two reasons
smoke consumers are being installed by large factories.
The whole principle depends upon some method of increas-
ing the supply of oxygen. Fig. 22 shows one type of
smoke consumer. It has an automatic stoking device to
spread the coal evenly on a chain grate. By means of
baffle walls the products of combustion are forced to take a

Fia. 23 —A factory that shows a dirty stack, illustrating the smoke
nuisance.

circuitous path to the stack or chimney. A large air space
is provided so that the combustion will be complete.

In one type of mechanical stoker the fuel is fed into a
large hopper and conveyed under the fire by the sliding
bottom of the feed trough that runs the full length of the
stoker. As the coal rises in the trough it is distributed
over the fire bars. A large volume of air is supplied to the
stoker by a blower or fan. - Figs. 23 and 24 show a factory
before and after it was equipped with a mechanical stoker
of the under-feed type.
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63. Forced Draft.—The rate at which a fuel burns
depends upon the rapidity with which it is supplied with
oxygen. Blowing a fire makes it burn faster for two reasons:
(1) the oxygen is furnished more rapidly; (2) the products
of combustion are carried away by the draft. A common
example of this forced draft is the use of a bellows by a
blacksmith. The fire burns more rapidly and produces
a more intense heat.

‘Fra. 24.—The factory shown in Fig. 23 after being equipped with an
automatic stoker.

On ships forced draft is used when a high speed is desired.
More air is forced through the fuel, causing more rapid
combustion. The exhaust steam from a locomotive is
forced through the smoke-stack to produce a better draft.
A similar effect is produced in power plants by using very tall
chimneys. Since the draft of a chimney is caused by the
difference in weight between the column of gas inside the
chimney and the air-column outside, it is easy tosee that this
difference becomes greater as the height of the chimney is
increased. :

64. Flame.—A flame is a burning gas. Charcoal is not
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volatile and for that reason it does not burn with a flame.
In the case of the candle the wax is melted and vaporized.
This vapor or gas then burns with a flame. By extin-
guishing a candle flame, and then quickly bringing a lighted
match near the wick, it may be shown that a flame is a
burning gas. It is not neces-
sary to touch the wick to re-
light the candle.

66. The Bunsen Burner.—
The Bunsen burner (Fig. 25)
consists of the base, the ring,
and the tube or barrel. The
base has a small tip or spud
through which the gas enters
the barrel. To secure com-
plete combustion, air enters L
through the holes at the lower
end of the tube and mixes
with the gas before it burns
at the top of the tube.

The amount of gas that
enters the barrel varies with
the pressure from the mains
and with the size of the open- Iﬁ“?;.,ff 'E,l::i?:difa? sﬁ,‘i.'f:“
ing in the base. The ring is
used to regulate the air supply, by opening or closing
the holes in the tube. As more gas is used, more air
should enter at the lower end of the tube. If the gas is
partly turned off, or the pressure is too low, it will burn
faster than it is supplied at the top of the tube. Therelative
amount of air increases until an explosive mixture is formed.
It then strikes back and burns at the spud. The base then
becomes hot and may melt the rubber tubing and set fire
to the escaping gas. As the gas is turned partly off to

lower the flame, the holes should be partly closed.
4
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The flame of the Bunsen burner consists of two distinct
--cones. The outer cone is called the oxidizing flame, since
metals held in this flame are soon oxidized. The inner cone
is called the reducing flame. Copper oxid held in this
cone is reduced to metallic copper. The tip of the inner
cone is the hottest part of the flame (Fig. 26).

All types of gas burners used for
heating are modeled after the Bunsen
burner.

--rorresrear” 58, Luminous and Non-luminous
Flames.—When the holes of the
s’  Bunsen burner are open the flame is
nearly colorless and gives very little
light. If we close the holes, a yellow
luminous flame 1is produced. A
beaker of cold water held in this
flame is soon covered with soot, show-
ing that the combustion of the carbon
is incomplete. The light which a
- candle, a kerosene lamp, or a gas jet
1 ©] gives is due to particles of unburned

— carbon which are heated to incandes-

> T =D cence. This statement may be further

Fid. 26.—Bunsen Verified by opening the holes to pro-
burner, showing parts of duce the hot, nearly colorless flame
flame. and then sprinkling particles of iron
rust into the flame. The flame becomes luminous as the
particles are heated white hot.

67. The Candle Flame.—The ordinary candle is made of
paraffin, stearin, spermaceti, or other wax or fat. These
" substances contain carbon and hydrogen. When heated
and enkindled, the melted wax rises by capillarity to the
end of the wick where it burns with a rather complex flame.
Fig. 27 shows that the flame is made up of three distinct cones.
Surrounding the wick is the cone b, which consists of un-

ING
-
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burned gases. In the middle cone a the gases become hot
enough so that a partial decomposition of thehydrocarbon
occurs and some carbon is set free. By being heated to
incandescence it forms the luminous cone of the candle.
In the third cone ¢, which is narrow and almost invisible,
complete combustion occurs, water and carbon dioxid
being formed. In making the wicks of modern candles, one
thread is drawn more tightly than the others. Thus as
the candle burns the end of the wick is pulled to one side
and burns in the edge of the flame. In this way it auto-
matically trims itself.

UNBURNED CARBON
LuMINOUS

Fi1a. 27.—Candle flame, Fia. 28.—Gas jet, fish-tail burner.
showing parts. .

68. The Gas Jet.—Fig. 28 shows the ordinary gas jet,
or the fish-tail burner. To prevent the gas from burning
with a smoky flame, the opening of the jet is a narrow slit.
This produces a flat rather than a circular flame and better
oxidation is secured. If too much surface is exposed to the
oxygen the flame will be non-luminous on account of com-
plete combustion.
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F1a. 29.—Welsbach gas mantles, showing how the fibers are woven and
mounted.

F1a. 30.—Welsbach g:is mantles, erect and inverted types.
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69. Gas Mantles.—To utilize the heating effects of gas
for illuminating purposes, a mantle is suspended in the
flame. Gas mantles consist of oxids of rare metals (99
per cent. thorium oxid and 1 per cent. cerium oxid).
These oxids are very refractory, and when heated give a

fine white light by incandescence. Such gas .burners,.

called Welsbach burners, are equipped with devices for
regulating both the amount of gas and the amount of air.
If too little air is used, carbon is de-
posited on the mantle. Figs. 29 and
30 show how the Welsbach mantles
are made. From ramie or artificial
fiber the mantle is woven, dipped into
solutions of the nitrates of cerium and
_thorium, and then heated. The fiber
burns and the nitrates are converted
into oxids. .

60. Acetylene as an Illuminant.—
Acetylene is a hydro-carbon contain-
ing 92 per cent. of carbon and 8 per Fre- 3;;;)‘::‘"“’“"
cent. of hydrogen. Since the amount )
of carbon is so large, acetylene burns with a very smoky
flame, giving off large quantities of soot, unless a special
burner is used. If used with a special burner to admit air,
like that shown in Fig. 31, it gives a beautiful white light.

SUMMARY

Any substance that readily combines with oxygen to
furnish heat is a fuel. A good fuel should have little ash,
a high heat contert, should not be expensive, and should
not produce undesirable products as it burns.

Fuels, whether solid, liquid, or gaseous, consist largely
of carbon, hydrogen, and sometimes oxygen.

The products of complete combustion are carbon dioxid

.
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and water. Free carbon and carbon monoxid are formed '
when the combustion is incomplete.

Smoke consists largely of particles of unburned carbon.
Smoke consumption is based upon two principles: (1) to

_increase the supply of air, thus making the combustion

complete; (2) to feed the coal to the fire gradually by means
of an automatic stoking device.

A flame is a burning gas.

The flame of the Bunsen burner has two cones: the inner
cone is the reducing flame; the outer cone, the oxidizing
flame.

When combustion is complete a flame is usually nearly
colorless. The luminosity of the ordinary gas flame is
due to particles of unburned carbon heated to incandes-
cence.

A gas mantle is often used to increase the efficiency of the
gas flame when used for illumination.

QUESTIONS

1. Discuss the value of wood as a fuel, using the method out-
lined in paragraph 46.

2. Discuss the value of hatd coal as a fuel. Of petroleum as
a fuel.

8. Summarize the advantages of gas as a fuel.

4. Why is it dangerous to check a fire by closing the smoke
damper and opening the furnace door? Why is opening the
furnace door an extravagant method of checking a fire?

6. Why do charcoal and hard coal burn slowly?

6. In the fish-tail burner the gas issues from a narrow slit.
Why doesn’t the gas burn with a smoky flame?

7. Briquettes are made by compressing coal dust mixed with
some tarry material which serves as a binder. What advantage

‘have these lumps as a fuel?

8. How could you determine the per cent. of ash in a sample of
coal?
9. Under what conditions does gasoline vapor explode?
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10. If a kerosene lamp smokes, what are the probable causes?

11. Vessels at sea have used a smoke screen to escape from
submarines or other hostile craft. Tell how such a screen can
be produced.

Discussion Topics.—The advantages and disadvantages of
steam-heating systems. Steam heat as compared with hot air
and hot water.

[y




CHAPTER VII

THE GAS LAWS—STANDARD CONDITIONS .

61. Measurement of Gases.—We have already learned
that gases are usually measured by volume. Since the
volume changes with a change of temperature or pressure,
it is necessary to have some standard pressure and tem-

I
!

His 76 O,
JOLUMN OF
MERCURY

perature for use in measuring gases. The
standard temperature selected is 0°C., the
freezing point of water. The standard
pressure is 760 mm. of mercury, or the
average pressure exerted by 1 atmosphere. -

62. The Barometer.—Atmospheric pres-
sure is measured by means of the barome-
ter. If we fill a glass tube 80 cm. long,
closed at one end, with mercury and in-

seauncss vert it in & bowl of mercury as shown in

PRESSURE
OF ONE

Fig. 32, the mercury in the tube stands

moerness gt 8 certain height above the level of the

Fia. 32.—Simple
barometer.

atmospheric pr

mercury in the bowl. The pressure of the
air on the surface of the mercury in the
bowl balances the weight of the column of
mercury AB. As the air pressure is in-
creased the mercury rises in the tube, and
conversely. The vertical height of the
mercury column is a measure of the
essure. At sea level the atmosphere sustains

a column of mercury 760 mm., or 76 cm., high.
63. Effect of Pressure on a Confined Gas.—Suppose
we have a bottle of 1000 c.c. capacity. If we fill this

56
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bottle with hydrogen gas at 0°C., and put it under a pres-
sure of 760 mm. of mercury the weight of the contained
hydrogen is approximately 0.09 gram. If we increase the
pressure, the volume is reduced. The weight is unchanged,
however, so the density is increased. The density of any
substance 18 the weight of 1 c.c. tn grams, or of 1 cu. ft. in
pounds. '

Robert Boyle, in experimenting with gases, found that
as the pressure increases, the volume of a gas decreases.
He stated this fact in the following law which bears his
name: If the temperature remains constant, the volume of a
confined gas 18 inversely proportional to the pressure exerted
upon . If a gas has a volume of 1000 c.c. when the
pressure upon it is 760 mm., its volume will be only 500
c.c., or one-half its original volume, if the pressure is doubled.
Tripling the pressure reduces the volume to one-third the
original volume.

Given the following PROBLEM: A 1000-c.c. bottle is filled
with gas when the barometer reads 745 mm. What volume will
the gas occupy at standard pressure, or 760 mm.?

SoLuTiOoN.—Since the pressure is to be increased from 745 mm.
to 760 mm., the volume will be reduced to 745/760 of its original
volume. 745/760 of 1000 c.c. equals 980.2 c.c., the volume at
standard pressure.

64. Boyle’s Law Shown Graphically.—The practice of
plotting curves to show changes graphically furnishesa clear,
concise means of representing laws in physics and chemistry.
On a sheet of squared, or cross-section paper, we may use
a certain horizontal line, XX’, as a base from which one
factor may be reckoned, and a given vertical line, YY’,
from which we may reckon the other factor. In Fig. 33,
suppose we use the line XX’ as an axis from which we meas-
ure volumes, and YY’ as the vertical axis from which
we measure pressures. Suppose by experiment we have
obtained the following data:



58 THE GAS LAWS—STANDARD CONDITIONS

Volumes Pressures Volumes Pressures
(a) 2,000 c.c. 200 mm. (f) 500c.c 800 mm.
(®) 1,600 250 () 400 1,000
() 1,200 333 (k) 332 1,200
@ 1,000 400 (@) 250 1,600
(e) 800 500 @ 200 2,000

We may use as the origin of the curve the point of inter-
section, O, of the axes. Let 1 space represent 100 units.
The first volume is 2000, which will be 20 spaces from the

v a

)4

i

PRESSURE
/ [
P |

F1a. 33.—Curve of inverse proportion, representing Boyle’s law
. graphically.

XX’ axis; the corresponding pressure is 200 units, or 2
spaces from the Y'Y’ axis. This gives us the point a.
Using similarly 1600 and 250, we find the point b, and -
80 on for each pair of codrdinates. Tracing a smooth line
through all these points, we have a curve of inverse pro-
portion. A little practice makes it easy to interpret laws
from such curves. We see for example that as the pres-
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sure is increased the point locating the curve is nearer to
XX, but farther from YY”, and conversely.

66. Effect of Temperature on Gas Volumes.—When gases
are heated they expand. This is also true of solids and
liquids. Students are familiar with the expansion of
liquid mercury in thermometers. Charles, a Frenchman,
found that the coefficient of expansion of all gases is the same,
namely, 1/273. A gas at 0°C., the pressure remaining -
constant, will expand 1/273 of its volume if heated to 1°C.
If heated to 100°C., its volume will be increased by 100/273,
or it will then have a volume equal to 373/273 of its origi-
nal volume; heated to 273°C., its volume will be doubled.

If a gas at 0°C. be cooled to —100°C. its volume will be
reduced to 173/273 its original volume. Coolingto —200°C.
reduces the volume to 73/273. At —273°C. the gas would
theoretically have no volume. In practice all gases liquefy
before that temperature is reached. )

66. Absolute Temperature.—Theoretically if a gas were
cooled to —273°C. and its volume reduced to zero, all
molecular motion would cease, and the substance would be

C. A. Vol.
100 373 373
50 323 323

20 293 293

0 273 273
—100 173 173
—273 0 0

F1a. 34.—Comparison of Absolute and Centigrade scales.

absolutely without heat or at absolute zero. For this reason
—273°C. equals 0°A., or zero on the absolute scale. Fig.
34 shows a comparison of the Centigrade and Absolute scales
of temperature and also gives the corresponding volume
changes in a gas that measures 273 c.c. at 0°C. The law of
Charles may be stated as follows: If the pressure is con-
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stant, the volume of a gas ts directly proportional to the ab-
solute temperature. We convert Centigrade temperatures to
Absolute temperatures by adding 273° to the Centigrade
reading.

Suppose we have the following problem: Given 500 c.c.
of a gas when measured at 30°C. What volume will it
occupy at standard temperature?

. SoLuTION.—30°C. equals 303°A.; 0°C. equals 273°A. Since the
gas was cooled from 303°A. to 273°A., its volume will be reduced
to 273/303 of its original volume. 273/303 of 500 c.c. equals
450 c.c., the volume of the gas at standard temperature.

67. Law of Charles Shown Graphically.—Fig. 35a shows
a curve of direct proportion which represents the changes

F1a. 36a.—Curve of direct proportion, representing the law of Charles

in volume a gas undergoes when heated. The absolute
temperatures and volumes shown in Fig. 34 were used as co-
ordinates in plotting this curve. The curve shows clearly
that as one factor is increased the other is correspondingly
increased.

Suppose we plot the curve A B, Fig. 35b, using the volumes
shown in Fig. 34 as abscissas and the Ceniigrade tempera-
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tures as ordinates. If we produce the curve backward it will
intersect the Y'Y’ axis at R, a point equivalent to —273°C.,or
to zero degrees Absolute. This furnishes a graphic illus-
tration of the theoretical temperature at which all gases
cease to have volume. A study of the figure also shows why
Absolute temperatures rather than Centigrade must be used
in solving problems involving the use of the law of Charles.
If we draw dotted lines to represent volumes, the triangles

[y

F1a. 35b.—Curve plotted to show position of absolute sero.

CRD, ERF, and GRH will all be similar. The bases CD,
EF, and HG represent gas volumes at 100°C., 50°C., and
20°C. respectively. They are not proportional to CO, EO,
and GO, the corresponding Centigrade temperature equiva-
lents, but they are proportional to the respective altitudes
CR, ER, and GR. These altitudes represent Absolute tem-
peratures. Therefore the volumes of dry gases are pro-
portional to their Absolute temperatures, but not to their
Centigrade temperatures. A

68. Correction of Volumes when Both Temperature and
Pressure Change.—Problems involving both temperature
and pressure changes are very common. In solving such
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;irbblénis»it is easier to combine both changes in one
statement.

"~ ProBLEM.—Given 800 c.c. of gas at 10°C. and 900 mm. pres-
sure. What will be its volume at standard conditions of tempera~
ture and pressure?

. SoruTioN.—10°C. equals 283°A.; 0°C. equals 273°A. The

temperature effect alone would reduce the volume to 273/283
of 800 .c.c. The pressure is reduced, its effect alone tending to
increase the volume to 900/760 of 800 c.c. The combined effect
is 273/283 X 900/760 of 800 c.c., or 913.8 c.c., the volume at
standard temperature and pressure.

69. Dxﬁerence of Levels Affects Pressure.—Students
will have less }trouble with the correction of gas volumes if
" they remember that in

order to  have equi-
librium, the pressure
which a gas exertsequals
the pressure upon it. In
Fig. 36a, the gas d
exerts a pressure of 1
atmosphere, since the
liquids stand at thesame
level inside and outside
the tube. " If we refer to Fig. 36b, we see that the pressure of
the gas d plus the pressure of the column of liquid zy equals
the atmospheric pressure, or barometer rea.dmg. In ¢
of the same figure the gas d exerts a pressure equal to that
shown by the barometer plus the pressure. of the liquid
column ¢f. In collecting gases by displacement of liquids,
it is often impossible to so adjust the apparatus that the
levels are the same. To find the correct pressure the gas
exerts when the inside level is the higher of the two we must
subtract from the barometer reading the length of the column
zy if the liquid used is mercury. If the inside level is
lower than the outside one, we must add to the barometer

a b ]
Fi1a. -36.—Difference of levels.
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reading the length of the column ef as a correction. If
the liquid used is water as is usually the case, the length of
the water column divided by 13.6 (since mercury is 13.6
times as heavy as water) must be subtracted from or added
to the barometer reading as above.

ProBLEM.—A gas collected over mercury measures 40 c.c. when
the mercury stands 90 mm. higher in the tube than outside;
the temperature is 18°C., and the barometer reading 755 mm.
What volume will the gas occupy at standard temperature and
pressure?

SoruTioN.—The barometer reading corrected for difference of
levels equals 755 mm. less 90 mm., or 665 mm. This is the real
pressure upon the gas. The corrected volume is then found as
follows: 40 c.c. X 273/291 X 665/760 = 32.8 c.c.

70. Water Vapor Exerts Pressure.—Asaliquid evaporates
it exerts a pressure which is greatest at the point of satu-
ration. Since water evaporates
faster as the temperature rises
and a larger quantity is also
needed to saturate a gas with
water vapor, the aqueous pres-
sure rises as the temperature is
increased. In . Table 3 of the
Appendix, the maximum value
of the pressure that water vapor
exerts at different temperatures =
isgiven. Suppose welet a bottle |EFe————————==——15
of oxygen gas stand over water  p . 47 mhe  combined
as in Fig. 37 until it is saturated pressure of the oxygen and
with water vapor. The oxygen ;’;?f)f"t‘;l‘?;t;f‘;‘ggeﬂf pres-
gas plus the water vapor exert a
pressure equal to the atmospheric pressure as shown by the
barometer. By reference to the table we can find the
pressure exerted by the water vapor alone at the temper-
ature of the gas mixture. To find the pressure of the

OXYGEN *
WATER VAPOR

«—
-«
14——
<
Py
—
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oxygen alone, we subtract from the barometer reading the
pressure of the aqueous vapor.

ProBLEM.—Four hundred c.c. of oxygen are collected over
water. The temperature is 20°C., and the barometer reads
750 mm. Find what volume the dry oxygen will have at
standard temperature and pressure.

SoruTioN.—From the table we find that at 20°C., water vapor
exerts a pressure equal to 17.4 mm. of mercury. Then the oxygen
gas alone is exerting a pressure of 750 less 17.4 mm., or 732.6 mm.
This part of the operation is generally spoken of as correcting the
barometer reading for pressure due to water vapor. The volume
of oxygen at standard conditions may now be found by using the
following equation: 400 c.c. X 732.6/760 X 273/293 = 359 c.c.,
the corrected volume.

Very often a correction for both aqueous pressure and
difference of levels is necessary as in the following problem.

ProBLEM.—A gas collected in a tube over water measures
75 c¢.c. when the outside level is 67.5 mm. higher than the inner;
the temperature is 20°C. and the barometer reads 757.4 mm.
Find the volume of the dry gas at standard temperature and
pressure.

SoLuTioN.—The barometer reading corrected for aqueous pres-
sure equals 757.4 mm. less 17.4 mm., or 740 mm. The correction
to be added for difference of levels is 67.5/13.5, or 5 mm. The true
pressure of the gas is then 740 mm. plus 5 mm., or 745 mm. " The
volume of the gas at standard temperature and pressure equals
75 c.c. X 745/760 X 273/293. The result is 69.2 c.c.

PROBLEMS

1. Given 80 c.c. of oxygen gas at 17°C. What volume will it
occupy at 40°C.?

2. A'gas at —10°C. measures 125 c.c. What will be its volume
if the temperature is increased to 25°C.?

3. A gas under a pressure of 560 mm. has a volume of 645 c.c.
What will be its volume under a pressure of 800 mm.?



PROBLEMS 65

4. What volume will a gas have when the pressure is 65 cm.,
if its volume is 950 c.c. at a pressure of 740 mm.?

5. Reduce to standard conditions; 95 c.c. of gas measured at
35°C. and 825 mm.,

8. Given 100 c.c. of gas measured at 0°C. and 380 mm. pressure.
What will be its volume at 273°C. and 760 mm. pressure?

7. Given 1 liter of gas measured at —20°C., and 740 mm.
pressure. Find its volume at 20°C. and 780 mm. pressure.

8. A tube contains 49 c.c. of ammonia gas collected over
mercury. The inner level is 85 mm. higher than the outside
level. The temperature is 18°C., and the barometer reads 747
mm. Reduce to standard conditions.

9. A bottle of oxygen gas is collected over water. When the
temperature is 20°C., and the barometer reads 735 mm., the
volume is 350 c.c. What volume will the dry gas have at standard
conditions of temperature and pressure?

10. Given the following conditions: A gas collected over water
measures 1500 c.c. at a temperature of 25°C. and a pressure of 775
mm.; the outside level is 80 mm. lower than the inside level. Find
the volume of the dry gas at standard conditions.



CHAPTER VIII
WATER—PROPERTIES AND COMPOSITION

71. Abundance of Water.—Water is one of the most
abundant compounds. All students of chemistry know that
the water area of the earth is much greater than the land
area. Nearly all common substances contain a large per-
centage of water. By weight about 75 per cent. of vege-
tables is water; milk is about 88 per cent. water; meat con-
tains rather more than 50 per cent. water, and bread is not
quite half water.

72. Physical Properties.—When seen in small quantities
pure water is colorless; deeper layers have a blue tint.
Pure water is odorless and tasteless; the taste of ordinary
drinking water is due to dissolved substances, either air,
carbon dioxid, or some mineral matter.

Water solidifies at 0°C., or at 32°F. As'it solidifies, it
expands slightly; thus ice is lighter than water and floats
with about nine-tenths of its volume submerged.

Under a pressure of 760 mm. water boils at 100°C., or
212°F. The steam that is formed occupies about 1600 times
the volume the water originally occupied.

‘Because water is so abundant and so easy to obtain in a
fairly pure condition, it is used as a standard in specific
heat and specific weight determinations. The use of the
word specific implies a ratio. Water has its greatest
density at a temperature of 4°C. At this temperature
1 c.c. of water weighs 1 gram. The ratio of the weight of unit
volume of a substance to the weight of unit volume of water is
its specific weight or specific density.

. . 66
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The specific heat of water is 1, since it requires 1 calorie
of heat to raise the temperature of 1 gram of water 1°C.
Since the specific heat of water is higher than that of all
other ordinary substances, it heats slowly and cools slowly.
Thus large bodies of water exert much influence in moderat-
ing the climate of a place.

73. Chemical Properties.—1. Stability.—Water is a very
stable compound. Even at a temperature of 2000°C. less
than 2 per cent. is decomposed. The atoms recombine as
the temperature is lowered.

2. Action With Metals.—Water interacts readily with
such metals as sodium, potassium, and calcium at the
ordinary temperature, hydrogen being liberated. Zinc and
magnesium decompose hot water slowly and iron interacts
with steam. ,

3. Action With Oxids of Metals.—Water combines readily
with certain oxids. When quick-lime, or calcium oxid is
slaked, water unites with the oxid to form the compound
calcium hydroxid.

Calcium oxid + water < calcium hydroxid
{ calcium { hydrogen I calcium
oxygen oxygen oxygen
| hydrogen
As water unites with the oxids of metals, it forms a class of
compounds known as hydroxids. They are known as bases.
The soluble active hydroxids are called alkalis.
The oxids of mon-metals, such as sulfur, carbon, and
phosphorus, unite with water to form acids, as represented
by the following equation:

Carbon dioxid + water &2 carbonic acid
{ carbon { hydrogen { hydrogen
oxygen oxygen oxygen
oarbon
4. Hydrates.—Water unites readily with many substances
when they crystallize from water solution, forming hydrates.
Several molecules of water may thus combine with one

molecule of a compound.
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5. Water Brings About Chemical Changes.—Since very
few, if any, chemical reactions occur unless water is present,
the water appears to act like a general catalytic agent.
This action of water will be more fully discussed in a sub-
sequent chapter.

6. Hydrolysis.—Hydrolysts, the decomposition of com~
pounds by water, will also be more fully discussed in a later
chapter.

T4. Composition of Water by Volume.—We have already
seen that when water is decomposed by the electric current,
- 2 volumes of hydrogen are
W liberated to 1 of oxygen.
The analysis of water
1 always yields these ele-
H ments in the same propor-

2 tion by volume.
:r It is possible to form
water by the synthesis of
the elements. Fig. 38, a,
shows a eudiometer tube
arranged for collecting gases
by mercury displacement.
0 Suppose we introduce 20
c.c. of hydrogen and 10 c.c.
of oxygen as in b of the
same figure, and pass an

o ) b electric spark between the

@ 38&;%‘“‘.&’:;&:““ for  platinum wires w.and w'.
The mixture explodes and

water vapor is formed. As the vapor condenses, the
mercury rises in the tube. If we use 20 c.c. of hydrogen
and 20 c.c. of oxygen, 10 c.c. of oxygen remain uncom-
bined after the explosion. Using 30 c.c. of hydrogen and
10 c.c. of oxygen, we have 10 c.c. of hydrogen remaining
uncombined. All attempts to make hydrogen and oxygen
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combine in any other ratio by volume than 2 to 1 result
in failure. '

76. Composition of Water by Weight.—If we collect the
hydrogen and oxygen formed by decomposing & quantity
of water and weigh them separately, we find eight parts by
weight of oxygen to ome part by weight of hydrogen..
Since such a method is rather troublesome an indirect
method is generally used to show the composition of water
by weight. In a hard glass tube, Fig. 39, a weighed
quantity of copper oxid is placed. Dry hydrogen is passed
over the heated oxid, reducing the copper oxid to metallic

Fia. 39.—Composition of water by weight.

copper and uniting with the oxygen to form water. The
water thus formed is absorbed in a previously weighed
calcium chlorid tube. Suppose we start with 23.8 grams
of copper oxid. After heating it weighs 19 grams. The
loss of weight, 4.8 grams, is the weight of the oxygen used
to form water. The calcium chlorid tube weighed 85 grams
before the experiment and 90.4 grams after its completion.
The gain in weight, 5.4 grams, is the weight of the water
formed. 4.8 equals eight-ninths of 5.4 grams., Therefore
eight-ninths, or 88.88 per cent. of water is oxygen; one-
ninth, or 11.11 per cent. is hydrogen. .

76. Water of Crystallization.—We have already learned
that water combines with certain substances when they
crystallize. Such crystals appear to be dry, even when
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powdered. Water of crystallization should not be confused
with water mechanically held by a erystal either adhering
to it or enclosed by it. That water of crystallization is
chemically combined with the substance is shown by the
fact that it follows the law of definite proportions.

When such crystals are heated they lose water, the color
usually disappears as well as the luster, and a powder is
formed. Such removal of water of crystallization is called
dehydration and the substance is then said to be anhydrous.
.For example, crystallized copper sulfate has a blue color
and a vitreous luster. When heated it loses water and
crumbles to a dull gray powder. If water be again added
to this gray anhydrous copper sulfate, a blue solution is
formed. From this solution hydrated copper sulfate crys-
tals can be recovered by evaporating the excess water

Sodium carbonate crystallizes with 10 molecules of water,
nearly 62 per cent. by weight; sodium sulfate has 10 mole-
cules of water of crystallization, or 55.9 per cent.; copper
sulfate crystallizes with 5 molecules of water, over 36 per
cent. Some crystals, as sodium chlorid and potassium
chlorid, have no water of crystallization.

77. Efflorescence.—A crystal that loses its water of crys-
- tallization when exposed to the air at ordinary temperature
is said to be efflorescent. If we put on a scale pan a few
crystals of sodium sulfate or sodium carbonate, and put
enough shot in_the other pan to counterpoise them, the
crystals show a loss of weight in a short time. Water
- is given off and the crystals lose their luster, crumbling
" to a powder. Efflorescenge occurs more readily in a very
dry atmosphere than during damp rainy weather.

78. Deliquescence.—Crystals of zinc chlorid, magnesium
chlorid, and calcium chlorid take moisture from the air -
on exposure, and become wet, or even dissolve in the water
thus absorbed. This property is known as deliquescence.
It is much more pronounced in damp weather.
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Crystals like common table salt that attract moisture
so that a slight film forms on their surface are called hygro-
scopic. Common table salt usually contains as an impurity
a slight trace of some deliquescent substance. Hence it
becomes wet in damp weather and ‘ packs.””

Deliquescent substances are used extenswely for drying
other substances. In the experiments
on reduction and on determining the
composition of water, the hydrogen
was dried by passing it through a tube
filled with calcium chlorid, a deli-
quescent  substance. The water
formed in the latter experiment was
absorbed by the same compound. Fig.
40 shows a desiccator used for drying
compounds in the laboratory The
lower compartment is filled with deli- F1o. 40.—Desiccator.
quescent crystals

79. Hydrogen Peroxid.—Although 2 hydrogen atoms
unite directly with only 1 atom of oxygen, yet the com-
pound hydrogen peroxid, having the formula H,0., may
- be formed indirectly. By treating sodium peroxid or ba-
rium peroxid with a cold dilute acid the following reaction
occurs;

Barium peroxid + sulfuric acid —
{burium hydrogen
oxygen (2 atoms) sulfur

oxygen
hydrogen peroxid + barium sulfate
{hydrogen ) barium
oxygen (2 atoms) sulfur

oxygen

Pure hydrogen peroxid is a heavy syrupy liquid. It is

very unstable, but a dilute aqueous solution keeps fairly

well if the light is shut off. Commercial hydrogen peroxid

is a 3 per cent. solution of hydrogen peroxid in water. Its
decomposition products are water and oxygen.
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An element just as it is being liberated from a compound
is said to be in the nascent state. It is then more active
than at any other time. In the decomposition of hydrogen
peroxid, the oxygen is very active as it is being set free. For
this reason hydrogen peroxid is a very good oxidizing agent.

Oxidizing agents destroy the color of many organic sub-
stances; they also kill bacteria. Thus hydrogen peroxid
is used as an antiseptic and a disinfectant. It is also
used extensively as a bleaching agent, especially for animal
fibers, wool, silk, hair, and feathers, which might be injured
by certain cheaper bleaching agents.

80. Law of Multiple Proportions.—Frequently the same
elements unite to form a series of compounds; thus
hydrogen and oxygen form water (H:O0) and hydrogen
peroxid (H;0.). The law of definite proportions is true
for each of these compounds, water being composed of
11.11 per cent. of hydrogen and 88.88 per cent. of oxygen,
and hydrogen peroxid having 5.8 per cent. hydrogen and
94.1 per cent. oxygen. In water there are 8 parts by
weight of oxygen to 1 of hydrogen; in hydrogen peroxid
there .are 16 parts by weight of oxygen to 1 of hydrogen.

After studying several series of compounds, John Dalton
formulated the following law of multiple proportions: When
two elements unite to form a series of compounds, if we con-
sider a fized weight of one element, which we may call “A,”
then the weights of the other element, “B,” will be in the
ratio of small whole numbers. In the above example the
weight of the hydrogen or element ‘“A?” being 1, then the
weights of oxygen or element “B” are 8 and 16 or the
ratio of 1 to 2, small whole numbers. 16 is a multiple of 8,
hence the name multiple proportions.

SUMMARY

Water is one of the most abundant compounds.
Water is colorless, odorless, and tasteless. It freezes at
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0°C. and boils at 100°C. One cubic centimeter of water
at 4°C. weighs 1 gram. 4

Chemically water interacts with several metals. It
unites with the oxids of metals to form bases. It unites
with the oxids of non-metals to form acids. It unites
with many compounds as they crystallize forming hydrates.

The loss of water of crystallization when crystals are
exposed to the air is called eflorescence.

Some substances absorb water from the air and dissolve
in the water thus absorbed. This property is known as
deliquescence.

Hydrogen peroxid is used as an oxidizing agent; as a
disinfectant; and as a bleaching agent.

‘When two elements unite to form a series of compounds,
if we consider a fixed weight of one element, “A,” then the
weights of the other element, “B,” will be in the ratio of
small whole numbers.

QUESTIONS AND PROBLEMS

1. How would natural conditions be affected if water contracted
upon solidifying?

2. Explain how water moderates cllmatlc extremes of tem-
perature.

8. Why is water so important from a chemical standpoint?

4. Suppose we mix 45 c.c. of hydrogen and 15 c.c. of oxygen
and explode the mixture. What gas remains and what is its
volume?-

5. If we repeat the experiment given in problem 4, using 35 c.c.
of oxygen and 50 c.c. of hydrogen, which gas will remain and what
volume will it occupy? .

6. Would you prefer to buy crystals of washing soda (sodium
carbonate) that had been kept in stoppered bottles or in open
boxes, if the price per pound were the same? Explain.

7. Why should bottles of calcium chlorid be kept tightly stop-
pered? Bottles of calcium oxid, or quick-lime?

8. What advantage is gained by putting small unstoppered
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bottles of calcium chlorid in the cases of clocks, electrical ma-
chines, and accurate balances?
9. Why is hydrogen peroxid usually sold in brown-colored
bottles?
0. How would you determine the per cent. of water in milk?
11. How could you use anhydrous copper sulfate as a test
for water?



CHAPTER IX
SOLUTION—CRYSTALLIZATION

81. Solution.—One of the very important properties of
water is its ability to dissolve certain substances. The sub-
stance that goes into solution, or dissolves, is called the solute.
The liquid that is used to bring about solution is the solvent.

'If we dissolve a small crystal of potassium permanganate
in a liter or more of water, every drop will have a purple
tint, thus showing that in solution the particles are finely
.divided. If we taste a drop of a solution of common salt
taken from the surface, it is found to be as salty as a drop
from any other part of the solution. In solutions the solute
does not settle upon standing, or separate from the solvent.

A solution has the following characteristics: (1) It is
homogeneous, having the same nature throughout; (2) the
particles of the solute are very finely divided and can not
be removed by filtration; (3) the solute does not separate
from the solvent upon standing as does material in sus-
pension. A solution may be defined as a homogeneous
mixture consisting of a solvent and the solule.

The question whether solution is a physical or a chemical
change is one upon which chemists are still in doubt. It
seems reasonably certain that chemical action occurs in
dissolving some compounds. In other cases the action ap-
pears to be physical. When water is the solvent, the solute
often unites with it to form hydrates. In such a case this
part of the action is doubtless chemical, but if the hydrate
then dissolves in the excess water that is present, the action
is probably physical.

75
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82. Solution of Solids, Liquids, and Gases.—The solute
may be a solid, a liquid, or a gas. Water is one of the best
solvents known, as many different substances are more or
less soluble in water. Other well-known solvents include
alcohol, gasoline, turpentine, ether, and carbon tetra-
chlorid. An alcoholic solution of a non-volatile substance
is called a tincture. For example, tincture of iodin is a 5
per cent. solution of iodin in aleohol.

When two liquids are mutually soluble, they are said to
be miscible. Alcohol and water are miscible in all pro-
portions. Oil and water are immiscible. When an oily
liquid is vigorously shaken with water the finely divided
particles of oil remain temporarily suspended in the water
forming an emulsion. Milk is a good example of an emul-
sion as the fat globules remain suspended for some time
before the cream separates. Several substances may be
used to make emulsions more permanent. Gums have this
property. The cleansing action of soap is largely due to
its ability to form emulsions with grease. In making may-
onnaise dressing egg yolks are added to make the emulsion
of olive oil permanent.

Most gases are to some extent soluble in water, in
some cases several volumes dissolve in one volume of
water. » )

83. Saturation.—If we add a few crystals of common
table salt to 100 c.c. of water they dissolve readily, forming
a dilute solution. As more salt is added, the solution be-
comes more concentrated. When the solvent holds all the
salt it can at a given temperature, the solution ¢s said to be
saturated with salt at that temperature.
~ When we speak of a dilute solution we refer to a solution

containing a relatively small proportion of the solute; a
concentrated solution contains a relatively large proportion
of the solute.

The ratio between the weight of the solute and the weight of
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the solvent required to make a saturated solution 18 known as the
solubility of the solute at that temperalure.

84. Effect of Temperature on Solubility.—The solubility
of a solid depends upon the nature of the solid itself, upon
the solvent used, and also upon the temperature. In
general an increase in temperature increases the solubility of
solid. For example, 100 grams of water at 30°C. dissolve
only 44 grams of potassium nitrate, while at 70°C. the same
weight of water dissolves 140 grams of potassium nitrate.

As in the case of solids, the solubility of liquids increases
as the temperature rises, until the boiling point of one of
the liquids is reached.

Gases, however, are less soluble at higher temperatures.
Heating a solution of a gas causes some of the gas to escape.
The bubbles that arise when water is first heated are air
bubbles. Their evolution is due to a decrease of solubility
with increased temperature.

Fhe solubility curves of Fig. 41 show clearly the effect
of temperature and the nature of the solid on solubility.

86. Effect of Pressure on the Solubility of Gases.—
‘When a gas is forced into a solvent under increased pressure
its solubility is much increased. In fact the solubility of a
gas 18 directly proportional to the pressure at which the gas ts
supplied. This statement is known as Henry’s law. Itis
put to practical use in bottling carbonated waters and in
charging soda fountains, where carbon dioxid is forced into
the solvent under a pressure of from 5 to 10 atmospheres.
When soda water is drawn from the fountain the carbon
dioxid gas escapes with effervescence.

86. Speed of Solution.—We may hasten the speed at
which a solid dissolves in three ways: (1) by stirring.
Agitating the mixture brings fresh portions of the solvent
in contact with the solute; (2) by powdering the solid.
Since solution occurs only at the surface of a solid, powder-
ing the solute increases the amount of surface that comes in
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contact with the solvent; (3) by heating, since an increase
in temperature increases the solubility. ‘

87. Freezing Point and Boiling Point of Solutions.—

A solution always freezes at a temperature lower than the
freezing point of the pure solvent. When an unsaturated
solution begins to freeze, the pure solvent solidifies and the
solute it contained forms with the rest of the solvent a more
concentrated solution. Thus the freezing point is lowered
- gtill more until the solution finally becomes saturated. A
saturated solution has a constant freezing point. For
example, a saturated solution of sodium chlorid freezes at
-—22°C. :
" The boiling point of a solution also differs from that of the
pure solvent. As the solution of a non-volatile solid boils
the solvent disappears by evaporation and the solution
becomes more concentrated until it is finally saturated.
In the meantime the boiling point gradually rises as the
solution becomes more concentrated.

If the solute is- mmore volatile than the solvent, the solu-
tion generally boils at a lower temperature than the pure
solvent, and at the same time it becomes more dilute.

88. Crystallization.—If we cool a hot saturated solution,
the excess solute is thrown out of solution in the form of
crystals. The shape of the crystal depends upon the nature
of the substance. Salt crystals are cubes; alum crystals
are octahedra. The shape of the crystal is peculiar to the
substance and identification from the form of the crystal
is often possible (Fig. 42). Crystals are generally formed
when a liquid freezes or solidifies. They are also thrown
out of a saturated solution, or precipitated, when it is
evaporated.

Crystallization is much used in purifying chemicals.
Suppose we have two salts dissolved in water. Since prac-
tically no two substances have the same solubility, the less
soluble salt will crystallize first when the solution is cooled
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F1a. 42.—Plate of crystals. a. Rubellite. b. Quartz crystal in matrix.
c. Galena. d. Quartz crystals. e. Garnets on rock. f. Gypsum.
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or evaporated. The other salt remains in the ‘“mother
liquor.” By further evaporation other crystals are obtained.
The first crop of crystals is the purest. The process is
known as fractional crystallization. The crystals may be
still further purified by dissolving them in pure water and
recrystallizing.

If the solution is stirred while crystallization is taking
place, finer crystals are formed. Small crystals thus
rapidly produced are generally purer than large crystals
formed more slowly, since the latter are more apt to have
incorporated in them some of the mother liquor. If crystals
that contain water thus mechanically held are heated they
decrepitate. Steam is formed within the crystal and its expan-
sion causes the crystal to burst open with a snapping sound.

89. Supersaturated Solutions.—If we saturate a solution
with ordinary “hypo” at a temperature of 60° or 70°C.,
and then cool it slowly to a lower temperature without
disturbance, the ezcess solute is not deposited as crystals.
Such a solution is said to be supersaturated. When a
fragment of “hypo’ is added to such a solution, crystals
begin to form immediately. The crystallization continues
until all the excess solute has separated, leaving a solution
saturated at the lower temperature. Stirring a super-
saturated solution or scraping the inside of the containing
vessel usually starts the crystallization. Somesubstances
readily form supersaturated solutions; others show this
tendency to a very slight degree only. ‘

90. Colloidal Suspensions.—Such substances as glue,
gums, resins, starch, and gelatine do not crystallize. They
are known as colloids. With liquids they form collotdal
suspensions. Colloids in suspension differ from other sub-
stances in suspension as follows: (1) They can not be re-
moved by filtration, as the particles are fine enough to pass
through the filter; (2) they are as uniformly distributed as
particles in solution; (3) they do not settle upon standing.

6
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Colloids in suspension differ from crystalloids in solution
in three ways: (1) While such a suspension is more or less
transparent, yet a beam of light is diffused as it passes
through the suspension; (2) The particles are larger than
those of a solute. This is shown by dialysis. If we enclose
both crystalloids and colloids in a vegetable or animal
membrane and suspend them in pure water, the crystal-
loids readily pass through the membrane while the colloids
are retained. Colloids were first separated from crystal-
loids in this manner by Graham in 1861; (3) unlike crystal-
loids, colloids do not markedly affect either the freezing
point or the boiling point of the suspension.

91. Importance of Colloids.—Since the work of Graham
more attention has been given to the study of colloids and
their importance in many industries is being recognized.
The fertility of soils depends to some extent upon their
colloidal nature. The finely divided particles have an
extensive surface for adsorption, or thecondensation of water
and fertilizing materials upon the surface. Many colloids
are spontaneously deposited from suspensions as ‘gelati-
nous’” masses. Considerable water is usually included in
such semi-solid masses and they can not as a rule be re-
dissolved. One illustration of their use is in the preparation
of the sensitive film for photographic “dry’’ plates. In
paint, varnish, rubber, paper, and glass manufactures
colloids play an important part. The varying ability of
asphalt pavement to resist the wear of traffic is said to be
due to the fineness of the particles in the colloidal semi-
solid mass.

SUMMARY

A solution is a homogeneous mixture consisting of a
solvent and the solute.

Liquids that are mutually soluble in each other are said
to be miscible.
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The concentration of a solution is the weight of solute
in a given quantity of solvent. In a dilute solution
the concentration is small; in a concentrated solution it is
large; in a saturated solution the concentration is at its
maximum.

An increase of temperature increases the solublhty of
solids; it decreases the solubility of gases. An increased
pressure increases the solubility of gases in liquids.

The speed of solution may be hastened: (1) by stirring;
(2) by raising the temperature; (3) by powdering the
substance.

Cooling a saturated solution causes a part of the solute to
separate as crystals. Evaporation produces the same effect.

 QUESTIONS

1. How would you proceed to prepare a saturated solution of
s salt?

2. Given a solution of sodium sulfate. How could you tell
whether it is unsaturated, saturated, or supersaturated?

8. If you were given a solution containing sodium chlorid and
potassium nitrate, how would you separate the two salts?
Would the method be suitable for use at a temperature of 25° to
80°C.? Refer to the curves of solubility and explain.

4. When emulsions are used as medicines, why should the bottle
be thoroughly shaken before using?

5. Why do soda fountains sometimes burst or explode?

8. Account for the rapid effervescence when a glass of ‘“soda
water” is drawn. Why do bubbles of gas continue to rise more
slowly as the liquid stands for a time?

7. Why are crystals of sugar often found in preserves that have
" stood a long time?

8. If you had a mixture of a sugar solution and gelatine, how
could the two be separated?

9. Why do vegetables cook faster in a strong salt solution than
in fresh water?

10. How does a solution differ from a chemical compound?



CHAPTER X
PURIFICATION OF WATER—HARDNESS

92, Impurities in Water.—Since water is such a good
solvent, and no substance is absolutely insoluble, it is
practically impossible to obtain pure water. The im-
purities present in water may be held: (1) in suspension;
(2) in solution. Because of its buoyant effect water holds
material in suspension. When water is in motion, upward
currents are more or less prevalent, thus making it possible
for water to hold more material in suspension. The
amount of material water can carry depends upon the size
and density of the particles; it also increases as the velocity
of the water is increased. A

Rain water has very little matter in solution. It is
soft water. Ground water contains considerable mineral
matter in solution, since water is such a good general solvent.
Water that contains more than 50 parts of mineral matter
dissolved in 1,000,000 parts of water is classed as hard
water. Very hard water has over 100 parts per million.
Some especially hard waters have 400 parts of mineral
matter per 1,000,000.

93. Kinds of Impurities.—Impurities in water are
classed as: (1) organic; (2) inorganic, or mineral. Organic

matter consists of bacteria, sewage, and other forms of animal
" and vegetable matter in various stages of decomposition or .
decay. As plants and animals decay, ammonia is formed.
This ammonia is slowly oxidized first to nitrites and then to
nitrates. The presence of more than a trace of ammonia,
nitrites, or nitrates in drinking water indicates sewage con-

- 84
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tamination, or that the water is unwholesome. Much
organic matter in water renders it unfit for drinking pur-
poses, since such matter, though often harmless in itself,
forms a breeding ground for all kinds of bacteria.

Either harmless or disease-producing bacteria may be
present in drinking water. Epidemics of typhoid fever,
dysentery, and cholera have often been traced to contami-
nated water supply. Typhoid fever has been nearly
stamped out in cities where proper methods of purifying
- the water supply have been installed.

The nature of mineral matter in solution in water depends
upon the composition of the soil and rock through which
the water flows. Compounds of calcium, magnesium,
sulfur, and iron are among the most common substances
found in hard water. Since calcium compounds are found
in the bones and teeth, their presence in water that is to
be used for drinking purposes is desirable.

94, Methods of Purification.—Matter in suspension may
be removed from water: (1) by sedimentation; (2) by sedi-
mentation with coagulum; (3) by filtration.

Organic matter is to a greater or less degree destroyed by
(1) aération; (2) light; (3) ultra-violet rays; (4) botiling;
(5) cold; (6) use of chemicals. '

Non-volatile matter in solution is removed by distillation.

9b. Sedimentation.—Water that is turbid or roily is
clarified by letting it stand in shallow tanks or reservoirs.
The particles that are heavier than water soon fall to the
bottom on account of the influence of gravity, since there
are no upward currents in the undisturbed water. This
method of purification is usually preliminary to filtration.

96. Sedimentation with Coagulum.—Aluminum hy-
droxid is an insoluble compound, very gelatinous in its
nature. When aluminum sulfate is added to water, certain
mineral matter that is often present unites with it to form
the hydroxid. As this bulky gelatinous precipitate settles,
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nearly all material in suspension, including a large per cent.
of the bacteria, is carried down with it. When the water
does not contain the mineral matter needed to precipitate
the aluminum hydroxid, lime-water is added with the alum-
inum sulfate to produce the coagulum. The hardness of the
water is slightly increased by this method of purification.
97. Filtration.—Water from wells and springs is purified
by natural soil filtration. As the water trickles through the

Fic. 43a.—Filtration beds showing connection with water mains.

soil the impurities in syspension are strained out. Destruc-
tion of the bacteria and organic matter occurs by oxidation.
The efficiency of this method of purification depends upon
the nature of the soil and the distance the water travels
through uncontaminated soil. A sandy or gravelly soil
is best. If the well is in a valley and near-by houses and
stables are situated on higher ground, the soil through which
the water flows may become contaminated with pathogenic
bacteria. Filtration through such a soil is a menace.
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Slow Sand Filters—City water is often filtered through
Iayers of sand and gravel acres in extent and several feet
thick. Layers of charcoal may be used between the sand
and gravel to remove coloring matter and gases having
disagreeable odors. At the bottom the filtered water
collects in tile drains which transmit it to the city mains.
A gelatinous layer soon collects on the top thus aiding the
purification, partially because of more perfect filtration

F1e. 43b.—A portion of the same filtration beds filled with sand ready
: for filtration.

and partially because microdrganisms that destroy bacteria.
collect in this layer. As the rate of filtration becomes more
" and more retarded, it is necessary to scrape off this surface
- layer occasionally. These filtration plants are expensive
to install, since they should be covered to prevent freezing:
(see Fig. 43a). In the presence of sunlight certain plants
known as algee grow readily in water reservoirs. They are
sometimes called ‘‘pond-scum.” Some varieties secrete.
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an oily substance that gives to the water a disagreeable,
fishy odor (see Fig. 43b).

Mechanical Filters—Mechanical filters are rapid sand
filters that are generally used with coagulation systems.
The water is run into large tanks and treated with the
chemicals as in the coagulum method described above.
The partially clarified water is then strained rapidly
through the sand and gravel layers in the mechanical
filter. Fig. 44 shows a mechanical filter of the gravity

type.

F1a. 44.—Gravity type of mechanical filter.

In Fig. 45 a pressure filter is shown. When mechanical
filters need to be cleaned water is forced through them in
the reverse direction, the impurities being carried into
the sewer with the wash water. The revolving rakes shown
in Fig. 45 aid the cleansing process by breaking up the bed
of filtering material.

98. Aération.—Only surface water comes into contact
with the oxygen of the air. When the water is agitated
fresh portions are brought to the surface. In some reser-
voirs fountains have been installed which cause the water
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" to spout up into the air and flow back over a large surface
in thin layers. In some cases compressed air bubbles up
through the water in the reservoir. In still other cases
aération is accomplished by letting the water flow over a
series of cascades as it enters the reservoir. Aération
oxidizes organic matter and some of the bacteria are de-

F1a. 45.—Mechanical filter of the pressure type.

stroyed. Gases having disagreeable odors are also removed
by this method of purification (Fig. 46).

99. Light.—Sunlight readily destroys bacteria. It is not
very practical, however, since only the surface layers are
affected; it also fosters the growth of algz, or pond-scum,
which may impart an undesirable odor or taste to the water.

100. Ultra-violet Rays.—Rays from the sun are of three
kinds: (1) heat rays; (2) light rays; (3) ultra-violet rays.
The last named can not be detected by any of the senses
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but they do affect a photographic plate and they are very
active in producing numerous other chemical effects. They
readily destroy bacteria. They can be prepared artificially,
as by the Cooper-Hewitt mercury vapor lamp. Using such
a lamp in a quartz tube, Victor Henri showed that water
. flowing fairly rapidly through an apparatus, in which it
was exposed to_the ultra-violet rays, was rendered practi-
cally free from bacteria.

F1a. 46.—Purification of water by aération.

101. Boiling.—Very few bacteria can withstand a tem-
perature of 100°C. for more than a few minutes. Hence
boiling water for from 5 to 15 minutes destroys most germs
it may contain. On a large scale this method is impracti-
cable. When used on a small scale, the water should be
subsequently aérated to destroy its “flat’’ taste.
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102. Cold.—Many bacteria are destroyed at the freezing
temperature of water. Ice is purer than the water from
which it is obtained, probably containing less than 5 per
cent. as many bacteria. It is never safe, however, to use
ice from polluted water, since some bacteria can withstand
freezing, or even the extremely low temperature of liquid
air.

103, Use of Chemicals.—1. The use of ozone in water
purification has already been discussed. Its use is gaining
in favor, since it forms oxygen and an excess in water is not
undesirable.

2. Chlorin is sometimes used to destroy bacteria in water.
It is usually liberated from sodium hypochlorite or from
““chlorid of lime.” Sometimes it is introduced by letting
it flow from cylinders of liquid chlorin. In the nascent
state it is a very active germicide. Any excess in the water
is very undesirable.

[

F1e. 47.—Apparatus illustrating distillation.

3. Copper sulfate is used to destroy alge in city reser-
voirs. If waters are known to be polluted, it is sometimes
used as a germicide. So small an amount as 1 part in
10,000,000 parts of water is said to destroy disease germs.
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Because of its poisonous nature, there is considerable
popular prejudice against its use.

104. Distillation.—Dsstillation i3 a complexr process con-
sisting of evaporation and subsequent condensation. Since
mineral matter in water often interferes with its use for
chemical purposes, distilled water is used extensively in
chemical operations.  The
water to be distilled is put
in the distilling flask a, as
shown in Fig. 47, and heated
to boiling. The condenser ¢
consists of two concentric
tubes through the outer of
which cold water flows con-
tinuously. The water vapor
condenses in the inner tube
and is collected in a receiver
at d.

Water may be obtained in
a reasonably pure state by
distillation. Since any gases
or volatile matter will readily
be driven off by tie heat, the first portion of the distillate
should be rejected. The non-volatile matter remains in
the distilling flask. Fig. 48 shows one type of continuous
action still. The water that is used for condensation later
flows into the still. Thus it is somewhat warmed by the
heat of condensation.

The student should not get the idea that distillation is
used only for the purification of water. It is extensively
used in purifying other liquids. In fact practically any
liquid that does not decompose at the temperature of its
boiling point may be purified in this manner.

Liquids that have different boiling points may usually
be separated by fractional distillation. To illustrate,

Fia. 48.—Continuous action still.
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petroleum is composed of several substances boiling at
different temperatures. The petroleum is heated at a low
temperature until the oils having a very low boiling point, -
such as naphtha, petroleum ether, gasoline, and benzine,
are all volatilized and condensed. The temperature is
raised until gas oil distillates are vaporized. At a still
higher temperature various grades of lubricating oil and
paraffin oil are obtained.

106. Hard Waters.—The most common mineral matter
in hard waters consists of calcium, magnesium, and iron
compounds. When soap is added to a water containing a
calcium compound, it unites chemically with the calcium
to form a gritty insoluble compound known as “lime
soap.” Chemically it is calcium stearate. Hard water is
said to “curdle’” soap. Magnesium forms a similar com-
pound with soap. Suds can not be formed with hard water
until all the calcium and magnesium compounds have been
precipitated.

Waters that contain bi-carbonates of calcium, magnesium,
and iron are known as temperary hard waters. When water
containing carbon dioxid in solution comes into contact
with limestone (calcium carbonate) the bi-carbonate of
calcium is formed as follows:

calcium carbonate 4+ water 4+ carbon dioxid

{ calcium hydrogen carbon
carbon oxygen oxygen
oxygen
— calcium bi-carbonate
. gllgium

ydrogen

carbon

oxygen

Calcium bi-carbonate is much more soluble than the
calcium carbonate. When water containing the bi-car-
bonate is boiled the reaction is reversed:
calcium bi-carbonate —

calcium carbonate + water + carbon dioxid.
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The less soluble calcium carbonate is precipitated. Thus
waters containing bi-carbonates that behave chemically
in a similar manner are called temporary hard waters be-
cause they may be softened by botling.

Permanent hard waters usually contain sulfates of calcium
and magnesium. These substances are not precipitated
when the water is boiled.

106. Objections to the Use of Hard Waters.—1. Laundry
Purposes.—If suds can not be produced until all the mineral
matter in hard water is precipitated, evidently considerable

soap will be wasted if hard water is
used for laundry purposes. The
gritty precipitate is objectionable too,
since it accumulates on the sides of
tubs and in the pores of the fabric,
giving the garment a dingy appear-

ance after washing.
2. Steam Boilers.—Large quantities
Fia. 49.—Boiler scale. Of water are evaporated to produce
steam for power purposes. If hard
water is used, its mineral matter remains after evaporation
forming an incrustation known as “boiler scale” (see Fig.
49). This incrustation is a very poor conductor of heat and
more fuel is needed to produce steam when even a thin
scale is present. Engineers estimate that an incrustation
of a magnesium compound 3§, in. thick requires 25 per

cent. more fuel.

Hard waters also produce corrosion or pitting in steam
boilers, thus decreasing the life of the boiler or its flues.
Dissolved oxygen and carbon dioxid are probably active
in such corrosion. . v

3. Other Industries—Mineral matter is especially ob-
jectionable in water used in the dyeing industry. The
color may be altered, or uneven dyeing or spotting may re-
sult, if hard water is used. Hard water may cause stains
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upon the leather in leather manufactures, or upon paper in
the paper industry. In soap factories, sugar refineries,
and chemical works hard water is objectionable.

107. Softening Hard Waters.—Several compounds are
used as water softeners. The most common are lime,
sodium carbonate, sodium fluorid, and sodium aluminate.
Graphites are quite widely used to facilitate the removal of
boiler scale. Because they are inexpensive, sodium carbonate
(washing soda) and lime are the most widely used chemical
softeners. Borax is very useful for softening hard water for
household use, but it is too expensive to be used on a large
scale.

" Permutit is the name given to a compound recently
manufactured to soften hard waters.. It is a sodium alu-
minum silicate that exchanges its sodium for the calcium
and magnesium of hard waters. It can be regenerated by
letting it stand for a few hours in contact with a strong solu-
tion of sodium chlorid.

SUMMARY

Impurities in water are: (1) organic, or (2) inorganic.
They may be held in suspension or in solution.

Impurities in suspension may be removed as follows:
(1) sedimentation; (2) sedimentation with coagulum; (3)"
filtration.

Organic matter may be destroyed in several ways:
(1) aération; (2) light; (3) ultra-violet rays; (4) boiling;
(5) cold; (6) use of chemicals.

Matter in solution in water may usually be removed by
distillation. Liquids having different boiling points may be
separated by fractional distillation.

Hard water contains mineral matter in solution. Very
hard waters may contain several hundred parts per million.
If the mineral matter is removed by boiling the water is
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classed as temporary hard water. Permanent hard water
can not be softened by boiling,

Hard waters waste soap, corrode boilers and produce
boiler scale, and interfere in the manufacture of many dif-
ferent products.

Hard waters may be softened by using sodium carbonate,
lime, borax, and permutit.

QUESTIONS

1. Distinguish between ‘‘pure water’’ and ‘“wholesome water.”

2. If you were making up solutions in the laboratory would you
use filtered water or distilled water? Give reasons for your
answer.

8. Why is a good microscope needed in a sanitary water analy-
sis?

4. How would you test to determine the presence of mineral
matter in solution in water?

5. Try to find out why water must be kept at the boiling
temperature for some minutes to kill bacteria.

Topics for Reference.—Purification of your city water supply.
Use of the Pasteur filters.
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CONSTITUENTS OF THE AIR—NITROGEN

108. Weight and Pressure.—We frequently use the
expression ‘‘as light as air.”” While air is very light when
compared with water and some other substances, yet 1 liter
of air at standard temperature and pressure weighs 1.293
grams. One cubic yard of air weighs about 2 pounds. The
air in a good-sized schoolroom weighs several hundred
pounds. Since air has weight it exerts pressure. A col-
umn of air whose base is 1 square inch and whose length is
the height to which the atmosphere extends weighs 14.7
pounds. Hence the pressure of the air on each square
inch of surface is 14.7 pounds. This is known as the pres-
sure of 1 atmosphere. A column of mercury 76 centimeters
high exerts an equal pressure. :

109. Constituents of the Air.—The most important
constituents of the air are ozxygen, nitrogen, carbon dioxid,
and water vapor. The average per cent. of each constitu-
ent by volume is as follows:

Per cent
(0). 477 T 21
Nitrogen.........ccoiiiiiiiiiiiiiiinnn.. 78
Carbon dioxid................... oo 0.04
Water vapor, variable, almost never more than.... 2

Less important constituents of the air occupy about 1 per
cent. of the total volume.
110. Air a Mixture.—There are several evidences that
air is a mixture and not a compound.
7 97
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1. Its composition varies slightly in different localities
and in the same locality at different times.

2. Air dissolved in water has a higher proportion of
oxygen than atmospheric air. A compound in solution
follows the law of definite proportions.

3. A compound has a definite boiling point. Evidently
air is a mixture since the nitrogen in liquid air vaporizes
first leaving nearly pure liquid oxygen.

4. When oxygen and nitrogen are mixed in the same pro-
portion as in air, there is no evidence of any chemical
action, such as the evolution of light or heat; neither is
there evidence of any chemical action when the constitu-
ents are separated.

111, Preparation of Nitrogen.—1. By removing the
oxygen from the air it is possible to obtain nitrogen mixed
with the remaining constituents. If we ignite a piece of
phosphorus in a small crucible floating on water and cover
it with an inverted bottle of air, the phosphorus combines
with the oxygen to form phosphorus pentoxid. As the
pentoxid dissolves the water rises in the bottle taking the
place of the oxygen which was removed. The bulk of the
remaining gas is nitrogen.

2. Pure nitrogen may be obtained by heating ammonium
nitrite and collecting the gas.by water displacement. In
practice a solution containing ammonium chlorid and
sodium nitrite is heated since the ammonium nitrite de-
composes too rapidly. The reaction is as follows:

ammonium chlorid + sodium nitrite —

nitrogen sodium
hydrogen nitrogen
chlorin oxygen

)

sodium chlorid 4 water + nitrogen
{ sodium { hydrogen
chlorin oxygen

112. Properties.—1. Phystcal.—Nitrogen is a colorless,
odorless, tasteless gas. It is slightly lighter than air;
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1 liter at standard temperature and pressure weighs 1.26
grams. It is slightly soluble in water. Nitrogen is non-
poisonous, but animals die in the pure gas from oxygen
starvation.

2. Chemical.—Nitrogen is an inert gas. It neither burns
nor supports combustion. Indirectly it may be made to
combine with hydrogen forming ammonia. When an
electric spark is passed through a mixture of oxygen and
nitrogen, nitric orid, a compound of nitrogen and oxygen
is formed. Nitrogen unites with some metals at high
temperatures to form nitrids. The nitrids of magnesium
and aluminum are the most common. While compounds
of nitrogen are usually formed with considerable difficulty,
they are unstable and quite easily decomposed. Nitro-
glycerin and nitro-cellulose (smokeless powder) are ex-
amples of ‘nitrogen compounds that readily decompose
with great violence.

113. Uses of Nitrogen.—Nitrogen in the air is a diluent.
It makes combustion less rapid in air than in pure oxygen.
It also gives bulk to the air, increasing its buoyant force
and its pressure.

Plants need nitrogen to make proteins, or albumin.
They can not use free nitrogen from the air, however, but
must obtain it from the nitrogen compounds in the soil.
The nitrogen cycle in nature is a most important one.
From the soil plants secure nitrogen compounds, water, and
mineral matter, and with the carbon dioxid obtained from
the air, they make proteins, or plant albumin. As decay
occurs ammonia, nitrites, and nitrates are formed and
restored to the soil to be used for subsequent nutrition of
plants. : .

Very often this natural cycle is interfered with, the plants
being used for animal food and transported long distances;
" thus the nitrogen is removed from the soil and not returned
by decay. The soil becomes impoverished and new crops
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can not be grown unless some artificial fertilizer is used to
take the place of the above natural fertilizing process. .
There are several sources of nitrogen compounds that
are available:

1. All plant and animal refuse, as from slaughter houses,
fish canneries, garbage, and sewage, is rich in nitrogen
compounds. '

Both garbage and sewage are often wasted, and in many
cities large sums of money are paid for the disposal of this
waste. In some cities they are emptied into rivers, or
into the ocean. Garbage is sometimes incinerated. The
larger cities now have reduction plants for handling garbage.
These plants recover grease by treatment with steam or a
petroleum solvent, and the nitrogen-bearing residues are
dried and sold to fertilizer manufacturers under the name of
tankage. Some attention hasbeen giventomethods of treat-
ing sewage to destroy dangerous bacteriaso that the valuable
waste nitrogen compounds may be used as fertilizers.

2. Nitrate bedshave been found in South America, princi-
pally in Chile, which furnish stores of nitrogen fertilizers.

3. Certain bacteria grow in nodules on the roots of
clover, peas, and beans (see Fig. 50). They have the
ability to take nitrogen and oxygen from the air and convert
them into compounds that plants can use. Thus clover,
the cow pea, and the Soy bean, while excellent forage crops,
at the same time restore nitrogen compounds to worn-out
soils. These bagteria are cultivated at Experiment Stations
and can be secured by farmers.

4. Several chemical processes have been devised for the
fixation of atmospheric nitrogen.

(a) Large electric plants have been constructed, es-
pecially in Norway, for passing a huge electric discharge
through moist air. Nitric oxid is formed which unites
with more oxygen and water to form nitric acid. The
nitric acid acts on slaked lime forming calcium nitrate
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which is an excellent fertilizer. As the action is revers-
ible the oxids of nitrogen must be immediately removed
to prevent decomposition. This is known as the Birke-
land-Eyde process.

Fra. 50.—Nodules containing bacteria that take nitrogen from the air.
(J. Russell Smith, Commerce and Industry, by permission.)

(b) Nitrogen and hydrogen also combine when an electric
spark is passed through the mixture; a catalytic agent may
be used. Ammonisa is formed; it is one of the best fertil-
izers. This action is also reversible.
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(¢) A nitrid of aluminum forms ammonia when treated
with water.

(d) Nitrogen passed over heated calcium carbid forms
calcium cyanamid, an excellent fertilizer, since it forms
ammonia when treated with superheated steam, or by its
interaction with soil water.

114, Carbon Dioxid.—If a bottle of lime-water is left
exposed to the air a crust of calcium carbonate soon forms
on its surface.- This shows the presence of carbon dioxid in
the air, since lime-water is a test for carbon dioxid. The
amount of carbon dioxid varies only slightly. Several
factors tend to increase the amount in the air: (1) animals
inhale oxygen and exhale carbon dioxid; (2) the carbon of
fuels unites with the oxygen of the air to form carbon
dioxid; (3) during decay carbon dioxid is one of the de-
composition products of both animal and vegetable matter.

The amount of carbon dioxid in the air is decreased by the
following factors: (1) Plants use carbon dioxid to make
starch. The carbon of the dioxid unites with water taken
in through the roots forming starch and liberating oxygen.
(2) As the solid rock of the earth’s crust disintegrates, or
weathers, carbon dioxid in water solution unites with certain
substances forming carbonates.

The carbon dioxid and oxygen cycle in nature may be
summarized as follows: Animals inhale oxygen and exhale
carbon diozid; plants absorb carbon dioxid during photosyn-
thesis and give out oxygen.

Animals and plants are thus mutually dependent, since by
the action of both, the supply of oxygen and carbon dioxid
in the air is kept nearly constant.

115. Water Vapor in the Air.—Deliquescent substances
become wet when exposed to the air. A glass of ice water
standing in a warm room soon becomes covered with drops
of water. These tests, as well as the fact that rain falls
occasionally, show that the air contains water vapor.
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The amount of water vapor the air can hold 13 its capacity.
It is usually expressed in grains per cubic foot. The
capacity increases as the temperature rises. The amount
of water vapor the air does hold at a given time is called its
absolute humidity. Absolute humidity is also' expressed
in grains per cubic foot. It depends upon several factors,
but chiefly upon proximity to a large body of water from
which evaporation may occur. The relative humidity equals
absolute humidity

capacity

relative humidity and the air feels drier since the capa-
city is increased by a rise in temperature. Lowering the
temperature lowers the capacity and increases the relative
humidity, making the air feel damp. When the relative
humidity becomes 100 per cent., the dew-point is reached.
A further cooling of the air then results in precipitation
of some of the moisture as rain, snow, etc.

A high relative humidity makes the heat oppressive in
summer and the cold seem more severe in winter. We
say the air is “heavy.” In reality 1 liter of water vapor
at standard temperature and pressure would weigh only
0.81 gram. When the relative humidity is too low, the
perspiration evaporates rapidly and the skin feels dry;
when the relative humidity is very high, the perspiration
does not evaporate and the skin is clammy and sticky.
We are most comfortable when the relative humidity is
from 40 to 50 per cent.

116. Ventilation.—Since we exhale carbon dioxid and
inhale oxygen the air in & closed room will soon show a
higher percentage of carbon dioxid than 4 parts in 10,000.
Unless some method of exchanging this exhaled air for
pure air is used, it soon becomes foul not only because there
is a decided increase in the per cent. of carbon dioxid pres-

"ent, but organic impurities given off from the lungs make
it still more impure. The relative humidity is increased

Raising the temperature decreases the
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at the same time, thereby increasing the discomfort.
Ventilation consists in exchanging the foul air of a room or
buslding for pure air drawn from out of doors. The principle
of ventilation depends upon the fact that warm air is lighter
than cold air. In window ventilation an opening near the
top of the room furnishes an exit for the impure air as colder,
pure air enters through an opening nearer the floor. In
many large buildings pure air is forced into the room by
motor-driven fans. The New Jersey State law requires
that 1800 cu. ft. of fresh air be supplied per hour for each
pupil in a schoolroom.

117. Minor Constituents of the Air.—Dust particles are
always present in the air. The spores of yeasts, molds, and
bacteria float in the air and thus have ready access to un-
covered food. Traces of a large number of gases are pres-
ent in the air. :

Argon is an inert gas that is present in the air to the
extent of about 1 per cent. It forms no compounds and so
far as known has no use whatever. The fact that it escaped
discovery until little more than two decades ago and the
method by which it was isolated give it an historic interest.

Neon (new), krypton (hidden), and zenon (stranger) are
three other elements that have been discovered in the
air within the last 20 years. Like argon they are inert,
having no known compounds.

Helium (sun) as its name implies was first discovered in
the sun’s atmosphere. It was recently discovered in our
atmosphere. It is present in very minute quantities. It
is a light, inert gas. No compounds of helium are known.

118, Liquid Air.—If we open the valve of an inflated
tire and hold the hand in the escaping air, we notice. a
marked cooling effect. Cooling always occurs when gases
expand. As they are compressed, heat is produced. The
liquefaction of gases depends upon these facts. In making
liquid air, a pressure of from 3000 to 4000 lbs. per square
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inch is used; then the air escapes through a needle valve.
The escaping air in the liquefier circulates around the com-
pressed air in an inner pipe thus cooling it to a very low
temperature. As this. cooled air then escapes and expands
some of ‘it liquefies (see Fig. 51).

Liquid air is nearly colorless. Under ordinary atmos-
pheric pressure it boils at about —190°C. Of course it is &

Fie 51.—Linde’s apparatus for liquefying air.

mixture of liquid nitrogen and liquid oxygen. Since ni-
trogen boils at a lower temperature than oxygen, it evapo-
rates first; the temperature then rises gradually. Finally
nearly pure oxygen, a blue liquid boiling at —183°C. is
left. Mercury, alcohol, and carbon dioxid all solidify
in liquid air. Tin becomes very brittle; lead becomes elastic.
Rubber immersed in liquid air is made so brittle that it can
readily be broken into fragments. Some idea of its very
low temperature is obtained if we remember that the
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difference between its temperature and that of ice is nearly
twice as great as the difference between ice and boiling
water. ‘

Liquid air is used to produce very low temperatures.
It is used as a source of oxygen commercially. Nitrogen
from liquid air is sometimes used in the making of calcium
cyanamid for fertilizers.

Fi1a. 52.—Dewar flask, cross-section. " Fia. 53.—Thermos bottle.

- Dewar devised a flask for keeping liquid air. Fig. 52
shows that it is a double-walled container; the space between
the two walls is a vacuum. Since a vacuum is a non-con-
ductor of heat and since the glass is silvered to prevent the
transmission of radiant heat, liquid air keeps fairly well
inside such a flask, as it boils quite slowly. The thermos
bottle is constructed on the same principle (Fig. 53).

SUMMARY

Air has weight and exerts pressure. Its chief constituents
are oxygen, nitrogen, carbon dioxid, and water vapor.

Nitrogen may be obtained from the air by removing the
oxygen with some chemical, such as phosphorus. Pure
nitrogen is prepared by heating a mixture of ammonium
chlorid and sodium nitrite.

Nitrogen is odorless, colorless, tasteless; it is non-poison-
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ous. Nltrogen is slightly soluble in water and 8 little
lighter than air. :

Nitrogen neither burns nor supports combustion; it is
quiteinert. Under certain conditions it unites with oxygen,
hydrogen, and a few metals.

Nitrogen compounds are needed by plants to form pro-
teins. The nitrogen cycle in nature is a very important
one. The accompanying sketch summarizes the natural
changes.
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The ratio of the amount of water vapor the air does hold
" to what it could hold if saturated is its relative humidity.
1t is always expressed in per cent.

Argon, neon, xenon, krypton, and helium are all inert
gases found in the air. No use is known for any of them.

Gases may be liquefied by compressing them and then
letting them expand. All gases have been liquefied, he-
lium at a temperature within 2° of absolute zero.

QUESTIONS AND PROBLEMS

1. What changes would result if the per cent. of oxygen in °
the air were increased? )

2, Find the weight of the air in a room 30 ft. long, 20 ft. w1de,
and 14 ft. high.

8. Discuss the importance of .nitrification, or the fixation of
atmospheric nitrogen. .

4. Why are traces of nitrogen compounds found in the air
after a thunder storm? '

6. How could you obtain air free from carbon dioxid? Free
from water vapor?

6. If a ton of hard coal in burning removes about 2 tons of
oxygen from the air and forms about 3 tons of carbon dioxid,
why do the constituents in the air vary so little in their relative
amounts?

7. Liquid air becomes blue when it stands for some time.
Explain.. :
8. Why does liquid air boil. wgorously when poured into a

vessel standing on a cake of ice?

9. Would it be a good idea to stopper a thermos bottle or a
Dewar flask containing liquid air? Explain.

10. Can it ever rain while the air is being warmed? Would
expansion or compression of the air be more likely to produce
rain?

Topics for Reference.—Liquefaction of gases; Onnes. The
isolation of the rare elements in the atmosphere.



A CHAPTER XII .
ATOMIC THEORY—ATOMIC WEIGHTS

119, Equivalent Weights.—In the analysis of water we
found that 1 part by weight of hydrogen combines with 8
parts by weight of oxygen to form the compound. Here
1 part by weight of hydrogen is equivalent to 8 parts by
weight of oxygen. If we analyze hydrogen chlorid, HCI,
we learn that 1 part of hydrogen combines with 35.5 parts
‘by weight of chlorin. Similar analyses show that:

1 part by weight of hydrogen combines with 4.66 parts
by weight of nitrogen to form ammonia; with 16 parts by
weight of sulfur to form hydrogen sulfid.

Such metals as magnesium do not readily combine with
hydrogen but they replace hydrogen from acids by substi-
tution. Experiment shows that approximately 12 grams
of magnesium are needed to replace 1 gram of hydrogen.
Experiment shows that 23 grams of sodium replace 1 gram
of hydrogen. In all cases the lowest weight in any com-
bination is that of hydrogen. For that reason hydrogen
is used as the standard in determining equivalent weights.
We may define the equivalent weight of any element as the
number of grams of that element that will combine with or
replace 1 gram of hydrogen. In all weight relations in chem-
istry if the weight of one substance is taken in grams the
weight of the others is reckoned in grams; if one quantity
is weighed in pounds, the other is also taken in pounds.
Tabulating the above results we see that:

i 109
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8 grams of oxygen combine with 1 gram of hydrogen
35.5 grams of chlorin combine with 1 gram of hydrogen
4.66 grams of nitrogen combine with 1 gram of hydrogen

16 grams of sulfur combine with 1 gram of hydrogen
12 grams of magnesium replace 1 gram of hydrogen
23 grams of sodium replace 1 gram of hydrogen

120. Combining Weights.—Further study shows that the
above elements combine with each other in the ratio of their
equivalent weights. Therefore they are often called com-
bining weights.

1 gram of hydrogen combines with 8 grams of oxygen
4.66 grams of- nitrogen combine with 8 grams of oxygen
12 grams of magnesium combine with 8 grams of oxygen
23 grams of sodium combine with 8 grams of oxygen

12 grams of magnesium combine with 35.5 grams of chlorin
23 grams of sodium combine with 35.5 grams of chlorin
12 grams of magnesium combine with 16 grams of sulfur
23 grams of sodium combine with 16 grams of sulfur

The student can readily see how important it is to the
manufacturer of chemical compounds to use the exact com-
bining weights. For example, our grandmothers used for
baking powder 2 parts of cream of tartar to 1 of baking
soda. When these compounds interact 188 parts by weight
of cream of tartar unite with 84 parts by weight of baking
soda. The ratio is 2.23 to 1. A large baking powder
factory using the correct instead of the approximate pro-
portions saves about 12 per cent.

Some elements have more than one combining weight.
In water, the ratio of hydrogen to oxygen is 1 to 8; in hydro-
gen peroxid, the ratio of hydrogen to oxygen is 1 to 16.
The higher combining weight is always a multiple of the
lower.

121. The Atomic Theory.—John Dalton proposed the
atomic theory as an explanation of the nature of matter,
The atomic theory assumes:



Joseph Louis Gay-Lussac
(1778-1850) was a distin-
guished French chemist.
He was the first to announce
that oxygen and hydrogen
unite to form water in the
simple ratio of one volume
of oxygen to two volumes of
hydrogen. Further investi-
gations led to his discovery
of the law of volumes for
combining gases. He iso-
lated boron and devised new
methods of analyzing organic
compounds.

John Dalton (1766-1844)
was an English chemist and
philosopher. He is best
known in chemistry for his
development of the atomic
theory. He studied the ab-
sorption of gases by water
and determined the compo-
sition of carbon dioxid. In
the development of his
atomic theory, Dalton stated
the laws of definite propor-
tion and multiple proportion.
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1. That matter is made up of very small particles called
atoms; these atoms are indivisible by chemical means.

2. That the atom of an element has a definite weight.

3. That atoms of different elements have different weights.

4. That chemical affinity is the attraction between atoms.

Since atoms do not divide when chemical changes occur,
and their weight is definite, it is easy to understand why the
law of definite proportion by weight must be true. Adding
an atom to a compound or removing it from a compound
changes the weight of that compound by a definite amount.
In the compound water 2 atoms of hydrogen combine with
1 of oxygen; in the compound hydrogen peroxid, 2 atoms
of hydrogen combine with 2 of oxygen. This explains the
law of multiple proportions. The 2 atoms of hydrogen in
each compound have the same weight; in hydrogen per-
oxid the 2 oxygen atoms weigh twice as much as the
oxygen present in a molecule of water. When two elements
unite to form a series of compounds, each atom added
increases the weight by a definite amount and the ratios
of all the weights may be expressed by small whole numbers.

122. Atomic Weights.—Since atoms are so small, they
can not be weighed directly. By indirect methods their
relative weights have been determined. The lightest atom
known is the hydrogen atom. Its weight is taken as 1.
Since the oxygen atom is 16 times as heavy, the atomic
weight of oxygen is 16. The atomic weight of any element
18 the ratio of the weight of its atom to the weight of the hydrogen
atom.

The atomic weights used in these chapters are approxi-
mate atomic weights. In reality the oxygen atom is only
15.88 times the weight of the hydrogen atom; or if we
take oxygen as 16, hydrogen is 1.008. It is more scientific
to use the weight of the hydrogen atom as the standard for

_determining atomic weights. It is much more convenieng
8
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in making computations to use oxygen as the standard,
using the weight 16. The table showing the atomie weights
of the elements is given on the back eover. Students are
not expected to memorize atomic weights; they are to be
used for solving problems.

123. Chemical Formulas.—We are now able to under-
stand a fuller significance of chemical formulas. The
formula, H;0O, represents: a. 1 molecule of water; b. it
shows that each molecule of water contains 2 atoms of
hydrogen and 1 atom of oxygen; c. it represents 2 parts by
weight of hydrogen (each atom of hydrogen having a weight
of 1) and 16 parts by weight of oxygen; d. it stands for 18
parts by weight of water.

In any chemical formula the small number that follows.
any symbol shows the number of such atoms in the molecule.
For example, C15H,20,1, the formula for cane sugar, shows.
that each molecule of sugar contains 12 atoms of carbon,
22 atoms of hydrogen, and 11 atoms of oxygen.

A number that precedes a formula shows the number of
molecules used. For example, 5H,SO,, stands for 5 mole-
cules of sulfuric acid, each molecule containing 2 hydrogen
atoms, 1 sulfur atom, and 4 oxygen atoms. The formula
for copper nitrate, Cu(NOj)z, shows that each molecule
contains 1 atom of copper, 2 atoms of nitrogen, and 6
atoms of oxygen. The formula is written Cu(NOQOj), in-
stead of CuN.O4, because the group of elements (NO;)
behaves like a single element.

124, Percentage Composition.—If we know the formula,
of a compound and have a table of atomic weights, it is a
matter of simple arithmetic to find the per cent. of each
element in that compound. First, the molecular weight s
. equal to the sum of the weights of all the atoms tn the compound.

Suppose we desire to find the percentage composition of
- the compound potassium chlorate, formula KC10;. From
the table of atomic weights we find the following:
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K, latom.............. weight equals 39.0
“Clhlatom.............. weight equals 35.5
O3, 3 atoms.............. weight equals 48.0 (3 X 16)

molecular weight, 122.5
39, the weight of potassium -+ 122.5, total weight, =
31.83 per cent. potassium.
35.5, the weight of chlorin + 122.5, total weight, =
’ 28.98 per cent. chlorin.
48, the weight of oxygen + 122.5, total weight, =
39.18 per cent. oxygen.

Often the compound contains water of crystallization.
Sodium carbonate may be taken as an example of such
a compound. Its formula is Na;CO;-10H,0. The for-
mula shows that 10 molecules of water have crystallized
with 1 molecule of sodium carbonate to form the hydrate.
The period indicates water of crystallization; it is not a
sign of multiplication here. '

2 X 23, or 46 parts by weight are sodium, Na
1 X 12, or 12 parts by weight are carbon, C
3 X 16, or 48 parts by weight are oxygen, O
10H,0 = 10 X 18, or 180 parts by weight are water, H:O
286 parts by weight are crystallized sodium
carbonate.
46 -+ 286 = 16.08 per cent. of sodium.
12 + 286 = 4.20 per cent. of carbon.
48 -+ 286 = 16.78 per cent. of oxygen.
180 =+ 286 = 62.93 per cent. of water, eight-ninths of which is
oxygen; one-ninth, hydrogen.

126. Simplest Formula of a Compound.—By analysis
in the laboratory we may determine the percentage compo-
sition of a compound. By using the atomic weights, it
is then possible to find the relative number of particles or
atoms in the molecule of the compound This gives the
simplest formula.



116 ATOMIC THEORY—ATOMIC WEIGHTS

Suppose we have the following data: A compound is
found by analysis to be 75 per cent. carbon and 25 per cent.
‘hydrogen. Now the carbon atom is 12 times as heavy as
the hydrogen atom. Since we can have no fractions of
atoms, if we divide 75 per cent. by 12, and 25 per cent. by 1,

- the quotients will give the relative number of carbon and
hydrogen atoms in each molecule of the compound. )

75 +12 = 6.25
25 + 1 =25.00

For every 6.25 carbon particles there are 25 hydrogen
particles. The simplest ratio of these twp numbersis 1 to 4.
Therefore, the simplest formula having the percentage
given above is CH,, 1 carbon atom to 4 hydrogen atoms.

A certain compound contains carbon, 40 per cent.;
hydrogen, 6.66 per cent.; and oxygen, 53.33 per cent.
Find its simplest formula.

40 + 12 = 3.33
53.33 + 16.= 3.33
6.66 ~ 1 = 6.66

3.33, 3.33, and 6.66 have the ratios 1, 1, and 2. There-
fore, the simplest formula of the compound is CH;0. We
may summarize as follows: To find the simplest formula
of a compound, divide the per cent. of each element by its
atomic weight. Find the ratios of the gquolients in small
whole numbers. Write the symbols of each element, using
enough atoms to correspond to the ratio found.

SUMMARY

The equivalent weight of an element may be defined as
the number of grams of that element that will combme
with or replace 1 gram of hydrogen.

Equivalent weights are sometimes called combining
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weights or reacting weights. Some elements have more
than one reacting weight.
The atomic theory assumes:

1. That matter is made up of atoms.

2. These atoms are indivisible.

3. The atom of each element has & definite weight.

4. Atoms of different elements have different weights.

5. Chemical affinity is the attraction between atoms.

The atomic weight of any element is the number that
tells how many times its atom is as heavy as the hydrogen
atom.

Chemical formulas show the composition of a compound:
how many atoms of each element are present in 1 mole-
cule; and, by the use of the atomic weights, the parts by
weight of each element in the compound.

QUESTIONS AND PROBLEMS

1, State fully the meaning of the following formulas: HNOs;
KCl; CuSOs; Ca(OH)s; 4ZnCly; CuSOs-5H,0; Na:B(Oq;
FeS0, - 7H,0.

2. What is the difference between CuSO4 and CuSO, - 5H:0?
How much weight would you expect 10 grams of the latter to
lose if heated to 100°C.?

8. Find the percentage composition of the following: Fe;Os;
HgO; CO,; C:H:OH; NaCl; Ca(NOs)z; Al2(SOq)s.

4. What per cent. of aluminum sulfate is water, its formula
being Al,(SO4)s - 18H:0? *

6. A compound contains carbon and hydrogen. Carbon equals
192.31 per cent.; hydrogen equals 7.69 per cent. Find its simplest
formula.

6. Find the simplest formula of a compound of the following
composition: calcium, 40 per cent.; carbon, 12 per cent.; oxygen,
48 per cent.

7. Find the simplest formula of a compound of the following
composition: sodium, 28.05 per cent.; carbon, 29.26 per cent.;
hydrogen, 3.66 per cent.; oxygen, 39.02 per cent,
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8. Find the simplest formula of a compound of the following
composition: carbon, 40 per cent.; hydrogen, 6.66 per cent.;
oxygen, 53.33 per cent.

9. Find the simplest formula of a compound of the following
composition: phosphorus, 56.36 per cent.; oxygen, 43.64 per
cent.

10. Crystallized sodium sulfate has the formula, NasSO,:
10H.O0. Which is cheaper, crystallized sodium sulfate at 10
cents per pound, or anhydrous sodium sulfate at 16 cents per
pound? ]

11. Find the simplest formula of a compound having the
following composition: carbon, 64.86 per cent.; hydrogen,
13.52 per cent.; oxygen, 21.62 per cent.



CHAPTER XIII
GAS LAWS—MOLECULAR WEIGHTS

126. Gay-Lussac’s Law.—We found by experiment that
2 volumes of hydrogen combine with 1 volume of oxygen
to form 2 volumes of steam. Further experiments show
the following results concerning combining volumes of
gases:

1 volume of hydrogen + 1 volume of chlorin — 2
volumes of hydrogen chlorid.

1 volume of nitrogen + 3 volumes of hydrogen—>2

volumes of ammonia.

The facts regarding relative combmmg volumes of gases
were first summarized by Gay-Lussac in the law that bears
his name: The combining volumes of gases and the volume of
the product, if it is a gas, may be expressed by small whole
numbers. This law applies only to gases. For example,
(?) volumes of carbon + 4 volumes of hydrogen —2°
volumes of marsh gas. Carbon is not gaseous, therefore
Gay-Lussac’s law does not apply to it, and we do not know
its combining volume in relation to hydrogen and to the
product.

127. Avogadro’s Theory.—We have now studied three
gas laws, namely: the law of Boyle, the law of Charles,
and the law of Gay-Lussac. From a consideration of these
laws and also from a study of the relations between reacting
weights and volume weights, Avogadro proposed the
following theory: Under the same conditions of temperature
and pressure, equal volumes of all gases have the same number
of molecules. To illustrate, 1 liter of hydrogen has the

119
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same number of molecules as 1 liter of oxygen or any other
gas at the same temperature and pressure. The actual
number of molecules present is of little importance, but
the theory that the number is the same for all gases is very
important in chemistry. .

128. Molecules of Gaseous Elements Contain Two
Atoms.—From a consideration of Avogadro’s theory, it is
possible to show that the molecule of an ordinary gaseous
element contains 2 atoms. By experiment we have, 1
volume of hydrogen + 1 volume of chlorin — 2 volumes
of hydrogen chlorid. Since by Avogadro’s theory the
number of molecules in equal volumes is the same we may
write from the above, 1 molecule of hydrogen + 1 molecule
of chlorin — 2 molecules of hydrogen chlorid.

But, hydrogen chlorid has the formula HCl, hence each
molecule has 1 atom of hydrogen. Since 1 molecule of
hydrogen furnishes the hydrogen for 2 molecules of hydrogen
chlorid, the hydrogen molecule must split into 2 atoms.
Similar reasoning shows that the chlorin molecule also
contains 2 atoms.

From the equation for the formation of steam we may
show that the oxygen molecule contains 2 atoms.

2 vols. hydrogen 4+ 1 vol. oxygen — 2 vols. steam.
2 mols. hydrogen + 1 mol. oxygen — 2 mols. steam.

Since 1 molecule of oxygen furnishes the oxygen for 2
molecules of steam, each containing 1 oxygen atom, there-
fore the oxygen molecule must split into 2 atoms. In these
proofs we assume that 1 volume contains 1 molecule.
For the actual number in 1 liter, see paragraph 4.

The application of Gay-Lussac’s law and Avogadro's
theory may be represented graphically. In the following
diagrams each square represents one volume of gas, and the
equation is based upon experiment. By Avogadro’s theory,
the ratio is not changed if we substitute the word molecule
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for the word volume, assuming that each volume contains
1 molecule. The symbols represent atoms. The weight
remains unchanged.

H / I Cl H H
H plus al| /> cl c
1 molecule plus 1 molecule———2 molecules.
(2 atoms) (2 atoms) 2 (2 atoms)
H H
H H H H plus o o] > | (o] [o]
H H
2 molecules plus 1 melecule———2 molecules.
(4 atoms) (2 atoms) 2 (3 atoms)

H H
N
H H H.H H H plus N —
H H

3 molecules plus 1 molecule———2 molecules.
(6 atoms) (2 atoms) 2.(4 atoms)

In a similar manner we may show that the molecules
of all ordinary gaseous elements contain 2 atoms. ‘The
molecules of some elements that are liquid or solid at the
ordinary temperature do not contain 2 atoms when vapor-
ized. For example, mercury and iodin have at high tem-
‘peratures only 1 atom to the molecule; phosphorus has 4;
sulfur, 2, 4, or 8, varying with the temperature.

129. Mole Defined.—A mole may be defined as the gram-
molecular weight of a substance. One mole of any substance
18 1ts molecular weight times 1 gram, For example, 1 mole-
cule of hydrogen, having 2 atoms, has a molecular weight
of 2. One mole of hydrogen is 2 grams. One mole of
oxygen is 32 grams; of hydrogen chlorid, is 36.5 grams;
1 mole of water is 18 grams.

130. Mole of Any Gas Occupies 22.4 Liters.—Suppose
we desire to find out what volume 1 mole of hydrogen at
standard temperature and pressure occupies. One mole of
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hydrogen is 2 grams, or, using the more accurate figure, 2.016
grams. One liter of hydrogen at standard temperature and
pressure weighs 0.09 gram. Then 1 mole occupies 2.016 =+
0.09, or 22.4 liters. From Avogadro’s hypothesis, a mole
of one gas should occupy the same space as 1 mole of any other
gas. One mole of oxygen occupies 22.4 liters, since 32 +
1429 = 22.4. Testing a large number of gases, we find
that the facts agree with the theory and that 1 mole of any
gas occupies 22.4 liters space at
standard conditions of temperature
and pressure (Fig. 54).

131. To Find the Molecular

22.4|uTERs Weight of acompound'—smce 1
emace loccupien mole of a gas at standard condi-
oY S woLE tions occupies’22.4 liters, we have
A dns an easy method of--finding --the

L eTe. molecular weight of compounds

that vaporize without decomposi-
tion. Suppose we construct a
box that holds just 22.4 liters (see Fig. 54). If we weigh'
such a boz, fill it with the vapor of the substance at standard
conditions, and then weigh it again, the difference in weight'
in grams is numerically equal to the molecular weight of the
substance.

ExamMpLE—A 22.4-liter box weighs 2000 grams; when
filled with ammonia gas at standard conditions the weight
is 2017 grams. Therefore, 22.4 liters of ammonia weigh
17 grams, and the molecular weight of ammonia is 17.

It is not always practicable to collect the gas and weigh
it at standard temperature and pressure. Any temperature
and pressure may be used and the weight corrected by the
use of the law of Boyle and the law of Charles.

132. To Find the Molecular Weight of Non-volatile
Compounds.—A molar solution contains 1 mole of solute per
1000 grams of solvent. Pure water freezes at 0°C. If we

 Fra. 54.—22.4 liter box.
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dissolve 1 mole of alcohol, 46 grams, in 1000 grams of water
the solution freezes at —1.89°C. One mole of sugar dis-
solved in 1 liter of water also lowers the freezing point 1.89°.
The lowering of the freezing point is proportional to the
number of molecules present in a given weight of solvent.
Therefore, we may find the molecular weight of a substanoe
by finding how many grams must be dissolved in 1000 grams
of water to lower its freezing point 1.89°C. This is known as
the freezing poind method of finding molecular weights. 1t
does not apply to acids, bases, and salts.

The molar solution of a non-volatile substance raises the
boiling point 0.52°C. For example, if we dissolve 1 gram~ .
molecule, or mole, of sugar in 1000.grams of water, the
solution boils at 100.52°C. We may find the molecular
weight of a substance by determining the number of grams that
must be dissolved tn 1000 grams of water to raise its boiling
point 0.52°C. The boiling-point method of determining
molecular weights does not apply to acids, bases, and salts.
The reason will be given in a later chapter. Raoult was
the first to observe the relationship between the moleand the
freezing point and boiling point of solutions. The above
statements are known as Raoult’s laws.

133. Correct Formulas.—In the last chapter we learned
how to find the simplest formula of a compound when its
composition is known. By determining its molecular
weight, it is possible to find its correct formula, which may
be the same as the simplest formula, or it may be each
atom of the simplest formula multiplied by a certain
number. '

ExampLE.—~A compound contains carbon, 92.31 per cent.;
hydrogen, 7.69 per cent. One liter of its vapor at standard
conditions weighs 3.482 grams. Find its correct formula.

First we find its simplest formula.

9231 + 12 = 7.69
769 - 1=17.69
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The ratio of the number of carbon and hydrogen par-
ticles is 1 to 1. .The simplest formula is CH.

If 1 liter of the vapor weighs 3.482 grams, then 22.4 liters
will weigh 3.482 times 22.4, or 78 grams. The molecular
weight is 78. But the molecular weight of CH is only 13,
as we find by adding the atomic weights, carbon 12, and
hydrogen 1. Therefore, each atom must be taken enough
times to give the correct molecular weight, 78. By divid-
ing 78 by 13, we find that each atom of thesimplest formula
must be taken 6 times. The correct formula is CsHs.

SUMMARY

Gay-Lussac’s law states that the combining volumes of
gases and the volume of the product, if it be gaseous, may be
expressed by small whole numbers.

Avogadro’s theory assumes that equal volumes of all
gases have the same number of molecules, the temperature
and pressure being the same.

From Avogadro’s theory it may be shown that the mole-
cules of elementary gases contain 2 atoms.

One mole of a substance is its molecular weight times 1
gram.

To find the molecular weight of a volatile compound we
find the weight in grams of 22.4 liters of its vapor at
standard conditions of temperature and pressure. The'
weight in grams is numerically equal to the molecular
weight.

A molar solution contains 1 mole of solute per 1000 grams
of solvent. One mole of solute in 1000 grams of water
lowers its freezing point 1.89°C. and raises its boiling point
0.52°C. The molecular weight of a substance may be
found by determining the number of grams needed to pro-
duce such a change in the freezing point and boiling point
of a solution.
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QUESTIONS AND PROBLEMS

1. Prove that the nitrogen molecule contains 2 atoms.

2. The molecular weight of hydrogen chlorid is 36.5. Find
the weight of 1 liter of hydrogen chlorid in grams.

3. Find the weight of 1 liter of the following gases: CHy;
H,;N; C.H,; CO.; H.S. Could you find the weight of 1 liter of
common table salt, NaCl, by the above method? Explain.

4. One liter of chlorin at standard conditions weighs 3.17 grams.
Find its molecular weight.

6. One liter of alcohol vapor weighs 1.592 grams at a tempera-
ture of 78°C. and under a pressure of 760 mm. of mercury. Find
the molecular weight of -alcohol.

6. At standard conditions 225 c.c. of sulfur dioxid weigh 0.6428
gram. Find the molecular weight of sulfur dioxid.

7. A compound contains oxygen, 69.49 per cent.; nitrogen,
30.51 per cent. Find its simplest formula. Find its molecular
weight if 200 c.c. of the gas weigh 0.817 gram. Find the correct
formula.

Reference Topics.—Gay-Lussac. Avogadro.



CHAPTER XIV
VALENCE

. 134, Valence Defined.—If we examine certain formulas,
such as HCI, H,0, H,N, CH,, we observe that one hydro-
gen atom combines with one atom of chlorin to form hydro-
gen chlorid, HCI; two atoms of hydrogen combine with one
of oxygen to form water, H,O; three atoms of hydrogen com-
bine with one of nitrogen to form ammonia, H;N; and four
hydrogen atoms are needed to combine with one carbon
atom in marsh gas, CH,. The measure of the ability of the
atom of one element to hold the atoms of other elements in
combination i3 called its valence. Crudely, we may call
valence the “grabbing power”’ of an atom.
" 136. Theory of Valence.—Just what the force is that -
holds one atom to another we do not know. Various chem-
ists have used such expressions as ‘“bonds’’ and ‘‘tubes of
force” to represent chemical affinity. Very often the
valence of elements is represented -graphically as is shown
below:

H

| |
H H

: |
H-C. H-0-H H-N-H H-C-H

Each line or ‘“bond” represents a valence of 1, and shows
graphically that chlorin can hold 1 hydrogen atom; oxygen,
2; nitrogen, 3; and carbon, 4. The number of “bonds”
an atom has tells us nothing concerning the stability of the

126
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compounds it may form, but merely the number of atoms
it does hold in that compound.

The modern theory of valence is that the force of attrac-
tion is electrical. J. J. Thomson suggests that certain
elements, especially hydrogen and the metals, may lose one
or more electrons, or negatively charged particles. Having
thus lost an electron, they become positively charged, since
taking away the negative leaves them positive. The non-
metals have the ability to take on one or more electrons,
thus becoming charged negatively. To illustrate, 1 hydro-
gen atom carrying a positive charge will attract 1 chlorin
atom which carries a negative charge. One oxygen atom
carrying two negative charges attracts 2 hydrogen atoms
each carrying one positive charge. The following graphic
representation makes the theory clear:

H

+
|

H+ -Cl. H4+ -0- +H. H+-N- +H. .

136. Kinds of Valence.—The hydrogen atom never com-
bines with more than 1 atom of any other element. Hence
it is taken as the standard in valence. Hydrogen is said
to be univalent. Chlorin is also univalent since 1 atom of
chlorin combines with 1 atom of hydrogen. An element is
said to be bivalent if its atom combines with {wo atoms of
hydrogen or any other univalent element. The atom of a
bivalent element has two ‘““bonds, ”’ or its * grabbing power”
is 2. Some elements are frivalent, having a valence of
3; elements whose valence is 4 are feiravalent; elements
having a valence of 5 are pentavalent, and those whose
valence is 6 are hezavalent. No element is known that has
a valence of more than 8.

137, Valence of Binary Compounds.—If an element
unites with hydrogen to form a binary compound we can
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easily tell its valence. We learned that chlorin is univalent,
since 1 atom of chlorin unites with 1 atom of hydrogen.
One atom of oxygen holds 2 hydrogen atoms, therefore its
valence is 2. In the same manner we learn that nitrogen
has a valence of 3, and carbon a valence of 4.

Some elements do not readily combine with hydrogen,
but such elements usually combine directly with oxygen.
Examples are Na,O; CaO; Al;O;; SnO,. Since it takes 2
atoms of sodium to unite with 1 atom of bivalent oxygen,
sodium must have a valence of 1. Similarly we conclude
that caleium, Ca, is 2 since it unites with oxygen atom for
atom. Aluminum, Al, is 3; and tin, Sn, is 4.

In any binary compound the product of the number of
atoms of one element times its valence equals the product of
the number of atoms of the other element times its valence. To
illustrate, we may use the formula Al;O;. Showing the
valence of each element by accent marks, as Al)”0;"”,
we see at a glance that the products are equal, 3, the valence
of aluminum, times 2, the number of aluminum atoms,
being equal to 2, the valence of oxygen, times 3, the number
of oxygen atoms.

Were the student to try to remember the formulas for so
large a number of compounds as are treated in chemistry,
the task would be stupendous. By learning the valence
of the elements, he can readily determine the formula.
Knowing that oxygen has a valence of 2, he should be able
to write correctly the formula of any oxid, if he learns
the valence of the other element. Copper has a valence
of 2; therefore its oxid is CuO, not CusOs;, nor CuOs.
Since chlorin has a valence of 1, then sodium chlorid is
NaCl; calcium chlorid is CaCl,; and aluminum chlorid is
AlCl,.

138. Valence of Radicals.—It would seem as if the va-
lence might be more difficult to determine in a compound
containing three elements. This may be true, but usually
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two of the elements form a radical. A radical is a group
of elements that acts like a single element. In the compound
sodium hydroxid, NaOH, the group (OH) is a radical. In
sulfuric acid, H,SO,, the (SO,) group is a radical. The
compound nitric acid, HNO;, contains the radical (NO;).
Since in a radical the two elements act like a single element,
we can find the valence of a radical in exactly the same
manner as we determined valence in binary compounds.
For example the (OH) radical has a valence of 1; the (SO,)
group has a valence of 2, since it unites with 2 atoms of
‘hydrogen; the (NO;) group has a valence of 1. '

Suppose we desire to write hydroxids of the metals whose
valence we learned in paragraph 137. Calcium hydroxid
is Ca(OH); aluminum hydroxid, AI(OH);; and tin hy-
droxid, Sn(OH),. For sulfates of these metals we write
Na:S80,, CaS0,, Al2(SOy4)s, and Sn(SOy)..

That the oxygen in a ternary compound usually holds in
combination all the other elements may be seen from the
following structural formulas:

Na— O — H. H—O—N<g. E: <2.

139. Variable Valence.—We have seen that some ele-
ments unite in different ratios and that such elements have
more than one combining weight. Thus we would expect
these elements to have more than one valence. The va-
lence of some elements appears to be always the same, but
some elements have a variable valence. Iron forms two
oxids, one having the formula FeO; the other has the
formula Fe;0;. The oxid in which iron has the lower
valence is ferrous oxid; the other oxid is ferric oxid. Phos-
phorus also forms two oxids, P;O; and P;0s. P;0; is
phosphorous oxid; P;O; is phosphoric oxid. Several ele-

ments have a variable valence. In variable valence, the
9
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metallic element takes the ending ous for its lower valence
compounds; the ending Zc for the higher valence. .

140. The Relation of Valence to Substitution.—Just
as it is impossible to have 1 atom of a bivalent element
combine with 1 atom of a univalent element, so do we find
it impossible to substitute 1 bivalent atom for 1 univalent
atom. When we try to substitute zinc for the hydrogen in
sulfuric acid, 1 bivalent zinc atom takes the place of 2
-hydrogen atoms. We may write the following equation:

1
Zn + Hs80,— ZnS0, + H,.

With hydrogen chlorid we must use 2 molecules of HCl
to furnish 2 hydrogen atoms. ’

1
Zn + 2HC] - ZnClz + Ha.

141. Table of Valences.—To familiarize the student with
the valences of the most common elements, a table is given
here for use in the problems at the end of this chapter. - The
elements having a variable valence appear in two or more
columns. In writing formulas it may help the beginner
balance the compound if he writes after each element or
radical an accent mark ('), to indicate its valence.

Ex AMPLES.—Ca"(COa)",‘ ASQ."'S;"A;."Mg”_O"; P,""""0¢".

TABLE OF VALENEE- -

One Two Threé [  Four | Five | Six
ql, H, I, Ca, Cu, Fe, | Al, Fe, N; |'C, 8i, S, [N,P| S
Hg, Ag, Na, Mg, Hg, O, P Sn
K Sn, Zn, S
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SUMMARY

The capacity of one atom of an element for holding 1
atom of hydrogen in combination is its valence.

In writing formulas of binary compounds the total num-
ber of bonds of one element must equal the number of bonds
of the other element.

A radical is a group of elements that acts like a single
element. Some elements have more than one valence.

QUESTIONS .

1. In the top row of the following table certain elements and
radicals are given with their valence indicated. In the left-hand
column a number of metals are listed. Fill in the table for all
the metals in the same manner as for the sodium compounds.

{ Hy- Phos- Car-
Oxids dro’x'i s Chlorids |Nitrates | Sulfates phates | bonates

O” | (OH)’ cr (NOy)’ | (800" | (POQ™ | (COw”

Na’ Na:0 | [NaOH | NaCl | NaNO; | Nax(804 [ Nas(PO) | Nas(COs)

c‘ll

Cu”

Fe’”’

Mg”

All’l

Pb’l

Fell

Zn”’

8n’’"’
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2. Write the formulas for the oxids of the followmg metals:
K, Cu, Mg, Ag, and Zn.

3. Write two oxids for the following elements: Fe, Sn, Hg,
N, and P.

4. Write the formulas for the hydroxids of all the elements
given in question 1.

6. Write the formulas for two sulfates of the following: Fe,
Sn, and Hg.



CHAPTER XV
CHEMICAL EQUATIONS

142. Equations.—Heretofore word equations have been
used to represent the changes that take place during chemical
reactions. The student is now able to understand equations
using chemical formulas. Such equations have the advan-
tage of being more brief and they show also more explicitly
what occurs. A chemical equation ts an algebraic expression
used to represent a chemical reaction.

A chemical equation must be correct: (1) as fo represen-
tation of facts; (2) as to valence; (3) as to algebra. Before
an equation can be written one must know what substances
enter into the reaction and what products are formed. For
this knowledge we must rely upon experiment. Every
compound in the equation must be balanced to see that
each element has its correct valence. A molecule of each
gaseous element should have 2 atoms. The third step is
entirely mathematical; since no matter is lost during a
chemical change, there must be the same number of atoms
on one side of the equation as upon the other side.

143. Equations.for Reactions Previously Studied.—The
method of writing equations can be studied from some of the
word equations that have been given. The equation for
the preparation of oxygen by decomposing water is a very
simple one. The substance used is water, H,O; the pro-
duct formed are hydrogen, H,, and oxygen, O;. Thus we
write, 2H,0 — 2H; + O,. If we were to write H.O —
H; + O, the equation would not be strictly correct, since

the molecule of oxygen has 2 atoms.
133
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We also prepared oxygen by heating potassium chlorate.
The equation is as follows:

1
2KCl0; — 2KCl + 30,.

Let us now take up the study of an equation that is not
quite so simple. When hydrogen chlorid is added to zine,
the zinc takes the place of the hydrogen which is set free.
Zinc chlorid is the other product formed. If we write the
equation as shown below,

Zn 4+ HCl1 — ZnCl + H,

a little study shows that it is incorrect. It appears correct
as to fact, but zinc is bivalent. Therefore zinc chlorid
has the formula ZnCl,.

Writing the equation,

Zn + HCl — ZnCl; + H,

it appears correct as to fact and valence. It does not
balance mathematically, since we have 2 chlorin atoms on
the right side of the equation and but 1 on the left-hand
side. We can not write HC], to remedy this defect without
making hydrogen chlorid incorrect as to valence, but
we can use 2 molecules of hydrogen chlorid. The equation,
-
Zn + 2HCl — ZnCl; + H,,
is correct in every respect, fact, valence; and algebra. The
student should always remember in writing equations that
he may use as many molecules as are needed. He must
check up the valence of each compound, and then balance
the equation without interfering with valence.
The following equation is an example of metathesis:

AgNO; + NaCl — AgCl 4+ NaNOs.

Silver Sodium Silver Sodium
nitrate chlorid chlorid nitrate
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It is customary in writing formulas to write the electro-
positive element first. This is usually either hydrogen or
some metal. We would hardly expect two positive ele-
ments to unite chemically, nor two negative elements, since
charges of like sign repel. In the above equation the silver
(+) takes the place of the sodium (+), and unites with the
chlorin (—); the sodium unites with the (NO,) radiecal,
which is negative. 'We may be pretty certain that in double
substitution & metallic element will be substituted for
another metallic element and combine with a non-metal
or a non-metallic radical. Radicals usually remain intact
during chemical ‘reactions. When a reaction is reversible
the fact is indicated by use of the double arrow as in the
following: .

' T
2HgO = 2Hg + Os.

144. Problems Relating to Equations.—Weight.—Since
chemical equations show the number of atoms taking part
in a chemical reaction, the relative weights may be easily
determined. In the equation, )

2HgO — 2Hg + O,,

we see that 2 molecules of mercuric oxid produce 2 atoms
of mercury and 2 atoms of oxygen when decomposed.
The approximate atomic weight of mercury is 200; and
of oxygen, 16. Suppose we write these weights below
the symbols in the equation, taking the weight of each atom
as many times as that atom appears in the equation.

2HgO — 2Hg + O,
2(200 4+ 16)  2(200) 2(16)
432 400 32
It is evident from the above that if we heat 432 parts by

weight of mercuric oxid, we obtain 400 parts by weight of
mercury and 32 parts by weight of oxygen.
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ProBLEM.—How many grams of oxygen may be obtained by
- heating 30 grams of mercuric oxid?

SoLuTiON.—Since 32/432 of mercuric oxid is oxygen, from 30
grams we can obtain as many grams of oxygen as 32/432 of 30
grams. The result is 2.22 grams. The problem may be solved
by simple proportion:

Total molecular weight : molecular weight of oxygen = total
number of grams:number of grams of oxygen. Or, 432:32 =
30:z.

' z = 2.22 grams.

ProBLEM.—How many grams of potassium chlorate must be
used to prepare 40 grams of oxygen?

SoLuTioN.—Let us first write the equation with the atomic
weights.

‘ 1
2KClOs —_— 2KCI + 30,
2(39 + 35.5 + 48) 2(39 + 35.5) 3(32)
245 149 96.

To obtain 96 grams of oxygen, 245 grams of potassium chlorate
are needed. To prepare 40 grams of oxygen, we need 245/96 of 40
grams, or 102.08 grams of potassium chlorate.

By proportion, 96 : 245 = 40 : z.

z = 102.08 grams.

ProBLEM.—How many grams of hydrogen will be liberated by the
action of 100 grams of zinc on sulfuric acid? How many liters will
the hydrogen occupy at standard conditions? .

Sovutton.—Zn +  H,80,— ZnSO. + . H,
656 (2432+464) (654 32+ 64) 2
65 98 161 2.

From the equation we see that 65 grams of zinc liberate 2
grams of hydrogen. 100 grams of zinc will liberate 100/65 of
2 grams, or 3.08 grams. By proportion, 65 :100 = 2 :z. Whence
z = 3.08 grams.

Since 1 liter of hydrogen weighs 0.09 gram, 3.08 grams will
occupy as many liters as 3.08 <+ 0.09. The answer is 34.2 liters.
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145. Problems Relating to Equations.—Volumes.—In
dealing with solids and liquids weight relations are used as
in the preceding paragraph. With gases, the work may
be shortened by using Avogadro’s theory and the law of
Gay-Lussac. .

ProBrLemM.—How many liters of oxygen will be required for the *
combustion of 14 liters of hydrogen?

2H, + 0; =2 2H:0.

We know that the combining volumes of gases have the same
ratio as the number of molecules. If 2 volumes of hydrogen
combine with 1 volume of oxygen, 7 volumes of oxygen will be
needed to combine with 14 volumes of hydrogen. The answer
is 7 liters of oxygen.

ProBLEM.—How many liters of oxygen are needed for the
complete combustion of 10 liters of marsh gas, CH,?

- T
EquaTioN.—CH, + 20, — CO. + 2H,0.

One mole of marsh gas combines with 2 moles of oxygen to
form 1 mole of ‘carbon dioxid and 2 moles of water vapor. By
Avogadro’s theory, 2 volumes of oxygen unite with 1 volume of
CH.. For 10 liters of CH,, 20 liters of oxygen are needed.

EQUATIONS

(For reference here and use in solving problems; to be
studied during the review in place of word equations.)

2Hg + I, = 2Hgl,.

1
2Na + 2H,0 — 2NaOH + H,.

CuO + H; — Cu + H,0

C +C0,—2C0O

Ca0 4 H,0 = Ca(OH), .
002 + HgO ﬁ H2008

: )
3Fe + 4H20 b d F8304 + 4Hg.
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BaO, + H’SO{ b d B&SO4 + HgOg.

C&CO; + H;O + CO: F =] CB.H:(CO;);.
H,NCIl + NaNQO; — NaCl + H,N NO,
&

1
2H,0 + N..

QUESTIONS AND PROBLEMS

1. How many grams of oxygen can be prepared from 20 grams
of potassium chlorate?

2. How many grams of oxygen can be prepared from 20 grams
of mercuric oxid?

3. If mercuric oxid and potassium chlorate were the same price
per pound, which would you use for preparing oxygen? Explain.

4. How many grams of zinc are needed to liberate 2 liters of
hydrogen from sulfuric acid?

5. How many liters of oxygen will be needed for the complete
combustion of 2 liters of carbon monoxid?

8. The burning of acetylene may be represented by the follow-
ing equation:

)
2C,H; + 50, — 4CO,; + 2H.0.

When 5 liters of acetylene burn, find the volume of the oxygen
used and the volume of carbon dioxid that is formed.

7. Using the following equation, find how many pounds of
hydrogen chlorid are required to unite with 10 lbs. of iron:

Fe 4+ 2HCl — FeCl, + H..

How many pounds of ferrous chlorid are produced?

8. If 100 grams of zinc are treated with 120 grams of sulfuric
acid, which will remain, zinc¢ or acid, and how many grams?

9. How many pounds of copper can be obtained from 50 lbs,
of copper oxid? How many pounds of copper sulfate can be
made from this copper?

10. How many grams of potassium chlorate are needed to
prepare 6 moles of oxygen? To prepare 22.4 liters of oxygen?



CHAPTER XVI
ACIDS, BASES, AND SALTS

146. Acids, Bases, and Salts.—Of the many compounds
studied in chemistry, a large number belong to one of three
classes: acids, bases, and salts. In this chapter the general
characteristics of each class will be studied, exemplified by
some of the most common representatives.

147. Acids.—At the ordinary temperature some acids
are gaseous, some liquid, and others solid. For example,
hydrogen chlorid is a gas; nitric acid and sulfuric acid are
liquids; tartaric, boric, and oxalic acids are solids. While
acids have no physical properties in common, yet in water
solution they have many chemical properties that are char-
acteristic. Since the pure acid does not have these char-
acteristics, the name acid usually refers to a dilute or con-
centrated solution of the acid in water. For example,
concentrated nitric acid is a water solution, 68 per cent.
nitric acid to 32 per cent. water. - Ordinary concentrated
sulfuric acid is about 93.5 per cent. sulfuric acid.

148. General Characteristics of Acids.—Several char-
acteristics are common to all acids: (1) they contain hy-
drogen; (2) they have a sour taste; (3) they change the color of
certain substances known as indicators; thus acids change the
color of litmus from blue to red; (4) they neutralize bases form-
ing salts and water; (5) they act on certain metals forming salts
and liberating hydrogen; (6) they act on oxids of metals forming
salts and water.

149. Preparation of Acids.—When we studied the chem-
ical properties of water we found that it would unite with

139
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the oxids of non-metals to form acids. For example,
803, the oxid of the non-metal sulfur, unites with water to
form sulfuric acid, H:SO,.

H,0 + 80; 2 H:S0..

The ozid of a non-metal that unites with water to form an
acid 18 called an acid anhydrid. The above equation is
reversible. When sulfuric acid is rendered anhydrous by
removing the water, the acid anhydrid remains. Nitro-
gen pentoxide, NOs, is the anhydrid of nitric acid as the
following equation shows: N,O; + ‘#HgO 2 2HNO;.

In the manufacture of most acids, however, an entirely
different method of preparation is used. Suppose we desire
to prepare nitric acid; it contains hydrogen and the NO,
radical. Sodium nitrate, NaNO;, a compound found ex-
tensively in Chile contains the same radical. By heating
this compound with sulfuric acid metathesis occurs as
represented by the following equation:

T
2N3N03 + HzSO4 b NagSO4 + 2HNO;.

Hydrogen chloride is prepared in an analogous manner
from sodium chlorid.

» 1
2NaCl + HgSO4 g Na2804 + 2HCI.

The gas that is driven off is dissolved in water and sold under
the name hydrochloric acid.
 Most acids are prepared by heating a compound contain-
ing the acid radical or acid forming element with sulfuric
acid. Sulfuric acid is used in preparing other acids for
three reasons: (1) it has a very high boiling point; (2) it is
one of the cheapest acids; (3) it is fairly stable.
160. Naming of Acids.—Acids that are made up of two
elements only are named as other binary compounds. HCI
is hydrogen chlorid; unfortunately its water solution is
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called hydrochloric acid. The beginner in chemistry is
sometimes confused because of this irregularity. Other
examples of acids that contain two elements only are hydro-
gen bromid, HBr, and hydrogen sulfid, H,S.

We have learned that all acids contain hydrogen. Nearly
all acids also contain oxygen. The method of naming acids
that contain oxygen is not so simple since the same acid
forming element often forms a series of acids. For example,
the following oxygen acids of chlorin are known: HCIO,,
HCl0;, HC1O;, and HCIO. Since they all contain chlorin
the root ““ chlor” is used in all cases. The most common of
the oxygen acids takes the ending izc. For example, HCIO;,
the most common oxygen acid of chlorin, is called chlor-ic
acid. The acid containing less oxygen than the ic acid
takes the ending ous. Thus chlor-ous acid is HCIO..
The same ending is used for the acid containing still less
oxygen than the ous acid, but the Greek prefix hypo (under)

‘is used. HCIO is the formula for hypo-chlor-ous acid.
The acid containing more oxygen than the ic acid takes
the ending ic, but the Latin prefix per (thoroughly saturated
with) is used. The formula for per-chloric acid is HCIO,.

161. Bases.—The following bases are the most common:
sodium hydroxid, potassium hydroxid, ammonium hydroxid
(aqua ammonia), and calcium hydroxid. Sodium hydroxid
and potassium hydroxid are white deliquescent solids, very
soluble in water. Ammonium hydrozid is a compound
formed by dissolving ammonia gas in water. Calcium
hydrozid is slightly soluble in water. Its water solution is
known as lime-water. The soluble bases that have the
characteristics of strong bases given in the following para-
graph are called alkalis. '

162. Characteristics of Soluble Bases.—(1) Bases con-
tain one or more hydroxyl (OH) groups; (2) they have a bitter
taste; (3) they also affect indicators; they turn red litmus
blue; (4) they neutralize actds forming salts and water; (5)
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they have a slippery feeling in solution; (6) they act corro-
sively on the flesh, espectally on fats to form soaps.

163. Preparation of Bases.—1. Such active metals as
sodium and potassium interact with water to form bases;
hydrogen gas is liberated. Calcium acts on water slowly
forming calcium hydroxid, a base. The equations are
as follows:

1
2Na + 2H:0 — 2NaOH + H,
1
2K + 2H,0 — 2KOH + H,
Ca + 2H20 g Ca(OH)z + H,

2. The oxids of some metals unite with water to form
bases. The oxid of a metal that unites with water to form a
base is called a basic anhydrid. The following reversible
equation shows the action between calcium oxid, a basic
anhydrid, and water. -

Ca0 + H.0 & Ca(OH)..

Insoluble bases are prepared by adding to the solution of
a compound containing the metal some soluble base. Me-
tathesis occurs, the insoluble base being precipitated. In
the following equation the insoluble base is ferric hydroxid.

FeCl; + 3NaOH — Fe(OH); + 3NaCl
oL . PN l

164. Nomenclature of Bases.—The method of naming
bases is extremely simple. They take the name of the
metal from which they are formed followed by the word
hydroxid. Formerly they were called hydrates and the
name is still used occasionally. Because they act so readily
‘on the skin and flesh, sodium hydroxid and potassium hy-
droxid are often called caustic soda and caustic potas(z
respectively. 4
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165. Neutralization.—If we add 1 mole of sodium.hy-
droxid in solution to 1 mole of hydrochloric acid, neutraliza-
tion occurs as represented by the following equation:

NaOH + HCIl — NaCl + H,0.

The solution that is formed affects neither blue nor red
litmus. It does not have any of the characteristic prop-
erties of either the base or the acid. We say the solution is
neutral. If we evaporate the solution, water is driven off
and sodium chlorid, a salt, remains as a crystalline solid.
Neutralization ts the name given to the process that occurs
when an acid and a base are brought together in such pro-
portione that each destroys the properties of the other A salt
and water are the products formed.

166. Salts.—The properties of salts are so w1dely diver-
gent that it is almost impossible to give any general prop-
erties. . They are usually crystalline solids. Their color
varies; the majority are white, but cobalt salts are pink,
copper salts are blue, and nickel and ferrous iron salts are
green. .

Salts may be prepared in several ways. Often the same
salt may be prepared by four or five different methods.
Some of the methods are outlined here briefly with one or
two examples to illustrate each method.

1. By the Direct Union of the Elements.
ExampLE.—2Na + Cl; — 2NaCl '
2. The Interaction of an Acid and a llTletal

Exampres.—2Na + 2HCl — 2NaCl + H,.

T
) Zn + HzS()‘ —)ZDSO4 +_H2.
3. The Action of an Acid on the Ozid of a Metal.
ExampLEs.—Na,0 + 2HCI — 2NaCl 4 H,0.

ZnO + H,S0,— ZnS80, + H,0.
10
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4. Neutralization—Examples were given in the preced-
ing paragraph.

5. Metathesis.—This is a very useful method of preparing
salts since two salts are often prepared during one reaction.
Upon mixing solutions of silver nitrate and sodium chlorid,
as in the following equation,

NaCl 4+ AgNO; — AgCl + NaNO;,,
!

the silver chlorid which isinsoluble may be removed by filtra-
tion and the soluble sodium nitrate recovered by evaporat-
ing the water which was present.

167. Naming of Salts.—Since a salt is really composed
of the metal of a base and an acid-forming element, or
an acid radical, it is named from both base and acid.
Salts take the name of the metal of the base from which
they were formed, use the root and prefix of the acid, but
change the ending Zc to ate and the ending ous to ¢te. The
following table illustrates the method of naming the salts
that are formed when sodium hydroxid neutralizes the
chlorin acids discussed in paragraph 150.

Acps SavLts
HCIO, per-chlor-ic NaClO, sodium per-chlor-ate
HCIO; chlor-ic NaClO; sodium chlor-ate
HCIO: chlor-ous NaClO; sodium chlor-ite
HCIO hypo-chlor-ous . NaClO sodium hypo-chlor-ite
HCl  hydrogen chlorid, or NaCl  sodium chlor-id.
hydrochloric
" SUMMARY

All acids contain hydrogen; they have a sour taste, turn
blue litmus red, act on metals forming a salt and hydrogen,
act on oxids of metals forming a salt and water, and neu-
tralize bases.
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The oxid of a non-metal that unites with water to form an
acid is called an acid anhydrid. Acids are generally pre-
pared by the action of sulfuric acid on a salt that contains
the acid-forming element or group of elements.

The most common acid containing oxygen has the ending
ic. An acid in the same series containing less oxygen has
the ending ous. "When an acid has still less oxygen than
the ous acid in the series, it takes the ending ous, but uses
the prefix hypo. An acid having more oxygen than the ic
acid takes the 7c ending and uses the prefix per.

Bases contain one or more hydroxyl groups; they have a
bitter taste, turn red litmus blue, and neutralize acids.
Soluble bases have a slippery feeling and readily saponify
fats to form soaps.

Bases are prepared by the action of a metal or the oxiu
of a metal on water.

When a base is added to an acid the properties of both
are destroyed. The process is called neutralization.
Water and a salt are formed. .

Salts may be prepared in several ways: (1) synthe-
sis; (2) neutralization; (3) action of an acid on a metal;
(4) action of an acid on the oxid of a metal; (5) double
‘decomposition.

Salts take the name of the metal of the base from which
they are formed, use the same root and prefix as the acid,
and change the acid ending ic to ate; the ending ous to ite.

QUESTIONS AND PROBLEMS

1, Of what acid is CO, the anhydrid? S0,? N:0;? P;0s?

2. From the rules for naming salts what ending would you
expect a salt formed from hydrochloric acid to have? What is
the correct ending? Why?

3. Phosphoric acid has the formula H;PO,. Write the formula
for phosphorous acid. For hypophosphorous acid. '

4. The following acids have the ending tc. Write the formulas
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and names for as many other acids in the series as possible.
HNO:; HIO;; HBI‘O;; H-S0,.
5. Balance and complete the following neutralization equations:

(a) NaOH + H.S0,—
(b) NaOH + H,PO,—
(c) Ca(OH): + HS0,—
(d) Ca(OH). + HCl—
(e) Ca(OH): + HsPO,—
() Al(OH); + HS0—

8. Give the correct names for all the salts formed in the preced-
ing equations.

7. Devise three methods of forming the salt potassium chlorid,
KCl. Three methods of preparing calcium nitrate Ca(NOj)s.

8. Name as many foods as you can that contain acids. How
would you verify your conclusion?

9. If sodium hydroxid and potassium hydroxid were the same
price per pound which would you use as a base? Explain.

10. Which one of the bases mentioned in paragraph 151 would
you use to clean a greasy sink? To remove grease spots from
rugs or clothing? To neutralize acid stains on clothing?

11, How many grams of sodium hydroxid will be required to
neutralize 85 grams of hydrogen chlorid?

12, How many moles of sodium hydroxid will be required to
neutralize 1 mole of hydrochloric acid? One mole of sulfuric
acid? One mole of phosphoric acid?



CHAPTER XVII
AMMONIA AND AMMONIUM COMPOUNDS

" 168. Occurrence of Ammonia.—Traces of ammonia are
found in the air from the decay of plants and animals.
As it dissolves in the rain water it finds its way into the soil.

169. Preparation.— 1. Laboratory.— Ammonia is pre-
pared in the laboratory by heating ‘ N
a mixture of ammonium chlorid
and calcium hydroxid. The gas is
collected by air displacement (see
Fig. 55). In the equation,

"2H,NCl + Ca(OH); — CaCl,

+ 2H,NOH, G
the (H,N) group acts like a posi-

tive radical and takes the place ggmm,
of calcium by substitution. Since -
the compound H,NOH is unstable,

the heat of the reaction breaks it

up into ammonia, H;N, and water.

H,NOH = H,N + H,0.
[V A—.

* When sodium hydroxid is used . Fio: 55—Apparatus for
instead of calcium hydroxid to preparine '
prepare ammonia, the reaction is as follows:

HNCI + NaOH — NaCl + H,NOH

v T
H;N + H,O.
- 149
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2. Commercial Preparation.—When coal is heated in
retorts to prepare illuminating gas, ammonia is given off
as a by-product. The ammonia dissolves in the water
with which the coal gas is washed. This impure solution is
treated with lime and heated to drive off the ammonia which
is re-dissolved in pure water. Such asolution forms the aqua
ammonia of commerce.

3. Direct Union of the Elements.—We learned that nitro-
gen combines with hydrogen to form ammonia when an
electric spark is passed through a mixture of the two gases.
The equation is one of simple combination:

T
N, + 3H, = 2H,N.

Haber found that hydrogen and nitrogen under high
temperature and pressure unite readily to form ammonis in
the presence of a suitable catalytic agent, such as finely
divided iron. Large plants have been constructed in
Germany to make ammonia by this process for use as
fertilizers.

160. Physical Properties of Ammonia.—Ammonisa is &
gaseous compound having the formula H3;N. It has a
peculiar, pungent odor and a bitter taste. Ammonia is
lighter than air and very soluble in water. One.liter of
water at 20°C. dissolves 710 liters of ammonia gas. At 0°C.
1 liter of water dissolves more than 1100 liters of the gas.
The very high solubility is‘probably due to a chemical union
between the gas and water to form ammonium hydroxid.

The ammonia water thus formed is lighter than water,
the specific weight of the 35 per cent. solution being 0.88.
When ammonia water is boiled the gas is all driven off
Even under ordinary atmospheric pressure ammonia gas
condenses to a liquid when sufficiently cooled. Its boiling
point is —34°C. Liquid ammonia is put on the market
compressed in steel cylinders.
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161. Chemical Properties.—Ammonia neither burns nor
supports combustion. In oxygen, however, it burns slowly.
Heated with copper oxid, it forms water and nitrogen.

“When ammonis dissolves in water it unites with the water-
according to the equation,

H;N 4+ H,O= H:N OH.

The (H,N) group is a radical. Since the OH group is.
present and the water solution acts like a base, this radical
acts like a metal. It is called the ammonium radical.
Students should be careful not to confuse the gas ammonta,.
H;N, with the hypothetical metal or ammonium radical,
H.N. In ammonia the valence of nitrogen is 3; in the
ammonium radical, it is 5. A water solution of ammonia or-
the moist gas combines readily with acids, forming salts.
" by neutralization. For example,

H.,NOH + HCl — H,NCI + H,0.
2H4NOH + HgSO4 b d (H4N)zSO4 + 2H30.

162, Uses of Ammonia.—1. As a Fertilizer.—The im-
portance of ammonia and ammonium compounds as.
fertilizers was discussed under nitrogen.

2. Asa Detergent.—Since aqua ammonia is a base we would
expect it to act upon fats and oils. It is quite extensively
used in the household for removing grease spots. Since
the gas is liberated as soon as the water evaporates, it does
not injure the fabric as do such bases as sodium and potas--
sium hydroxid. It may dissolve the dye in a colored fabric,
however.

3. For Refrigeration.—If we pour water on one hand and
let it evaporate quickly, the hand is cooled. It requires.
heat to convert water into its vapor. In the illustration,
the heat came from the hand, thus producing the cooling
effect. If we use alcohol instead of water the cooling effect.
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is more marked, since the alcohol evaporates more rapidly.
This principle of cooling by evaporation is used in making
ice, the water losing so much heat that it solidifies. Since
alcohol, boiling at 78°C. produces a more marked cooling
effect than water, boiling at 100°C., we would expect
liquid ammonia, which boils at —34°C., to take in heat
very rapidly upon evaporation. This is especially true
since liquid ammonia has quite a high heat of vaporization,
‘about 295 calories of heat being needed to convert 1 gram
of liquid ammonia into ammonia gas.

F1a. 56.—Diagram of an artificial ice plant.

Fig. 56 shows how the principle is applied. By using a
compression pump P, ammonia gas is liquefied in the pipes,
A-B, around which cold water flows to absorb the heat
liberated as the gas liquefies. The liquid ammonia passes
through an expansion valve, V, into a series of coils, C-C’,
which are immersed in brine. As the ammonia in the coils
evaporates heat is absorbed until the brine is cooled below
the freezing point of fresh water. Cans of fresh water
immersed in the brine are frozen after several hours into
cakes of solid ice.

In cold storage plants the cold brine is pumped through
pipes in the storage room. Just as hot water flowing
through pipes in a room warms it by radiation, so the circula-
tion of cold brine cools the room and keeps it at any de-
sired temperature.
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SUMMARY

Ammonia is formed by the decay of animal and vegetable
matter. It is prepared in the laboratory by heating a
mixture of calcium hydroxid and ammonium chlorid. The
chief commercial source is from the distillation of coal.
Ammonia may be prepared from the elements by using a
catalytic agent or an electric spark to facilitate composition.

Ammonis is a colorless gas; it may be recognized by its
peculiar odor; it is very soluble in water.

Ammonia neither burns nor supports combustion. Its
water solution forms a base called ammonium hydroxid.
In this base the H,N radical acts like a metal.

Ammonia is used (1) as a fertilizer; (2) as a detergent;
and (3) for making artificial ice.

QUESTIONS AND PROBLEMS

1. Dry ammonia gas does not affect litmus paper. Explain.

2. Gases are often dried by bubbling them through concen-
trated sulfuric acid. Could ammonia be dried in this manner?
Explain,

8. Why is ammonia called the volatile alkali?

4. What is meant by the ammonium theory?

5. Write the equation to show the interaction between ammo-
nium hydroxid and nitric acid.

6. How many grams of ammonia can be prepared from 40
grams of ammonium chlorid? How many liters?

7. How many grams of ammonium chlorid would be required to
prepare 20 liters of ammonia?

Topic for Reference.—Cold storage plants.
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NITRIC ACID AND THE OXIDS OF NITROGEN

163. Preparation of Nitric Acid.—(a) Laboratory.—In
the laboratory nitric acid
is prepared by the general
method outlined in para-
graph 149. A nitrate,
usually sodium nitrate, is
heated in a retort with
an excess of sulfuric acid
(see Fig. 57). The nitric
acid volatilizes and is then
condensed in the tube of the
retort and in the receiver
Fro. 57.—Preparation of nitric acid. F- TWwo equations are

possible since different re-
actions occur when the relative amounts of acid and salt
are varied.

1
(a) NaNO; + H,80,—~HNaS0, + HNO;.

(b) 2NaNO; + H.S0,—Na,S0, + 2HNO;.

Since less heat is required when only half enough sodium
nitrate is used to neutralize the sulfuric acid, as shown in
equation (a), these proportions are usually used. The
higher temperature needed for the latter reaction decom-
poses some of the nitric acid.

(b) Commercial.—The commercial method is the same

154
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as the laboratory method, the mixture being heated in iron
retorts.

-Some nitric acid is now being made synthetically as
discussed in paragraph 113.

164. Properties of Nitric Acid.—(a) Physical.—Nitric
acid is a colorless oily liquid, more than 134 times as heavy
as water. The pure acid boils at 86°C. It fumes in moist
air. Since the pure acid is unstable, the concentrated
nitric acid of commerce is a water solution containing
68 per cent. nitric acid. Such a solution boils at 120°C.
A more dilute solution boils at a lower temperature and
loses water thus becoming more concentrated.

(b) Chemical.—1. Acid Action.—Nitric acid is 2 very
strong acid, acting on oxids of metals to form nitrates.
It neutralizes bases. Its acid properties are more marked
in dilute water solution.

2. Stability.—When boiled or exposed to sunlight,
nitric acid decomposes, forming water, oxygen, and nitrogen
tetroxid.

1

T .
4HN03'—>2H20 + 4N02 + 03.

The acid is more stable in water solution. When the
concentrated acid decomposes, part of the nitrogen tetroxid
dissolves in the acid imparting to it a yellow color. Nitric
acid containing a large quantity of the tetroxid in solution
is red in color. It is known as fuming nitric acid. Phos-
phorus pentoxid dehydrates nitric acid, leaving nitric
anhydrid, N:Os, a white crystalline solid.

PzOs + 2HN03—>N305 + 2HP03.

8. Ozridizing Action.—In the presence of a reducing agent,
nitric acid may decompose as follows:

1 T
2HNO;—H.0 + 2NO 4 3(0).
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Since the oxygen is in the nascent state, nitric acid acts
as a strong oxidizing agent. It readily oxidizes organic
matter, such as hair, wool, and vegetable fibers. When
charcoal is heated red hot and thrust into nitric acid it
burns vigorously, the oxygen needed for combustion coming
from the nitric acid. The products formed when the acid
is reduced are very numerous. A partial reduction may
occur, resulting in the formation of the various oxids of
nitrogen, or the acid may be more completely reduced to
form ammonia. Nitric acid stains the skin and proteins
a bright yellow, forming zantho-proteic acid. This action
may be used to test for proteins.

4, Action with Metals.—Because nitric acid is a good
oxidizing agent even in rather dilute solution, it seldom
liberates hydrogen when it interacts with a metal. Only
when the metal is very active and the acid very dilute do
such reactions as the following occur:

T
Mg + 2HN03—’M8(N03)2 + Hz.

The fairly concentrated acid acts upon such metals as
copper forming a nitrate, water, and nitric oxid, NO.
We may write the equation in three steps as follows:

2HNO;—H,0 + 2NO + 3(0)
3Cu + 3(0)—3Cu0

3CuO + 6HN03—’3CU(N03)2 + 3H20.

All the above equations may be combined into one.

T
3Cu + 8HNO;—3Cu(NOs). + 4H,0 4 2NO.

Unfortunately it is quite impossible to determine the
intermediate steps that occur during a chemical reaction.
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The final products can be accurately determined. Probably
the nascent oxygen formed when nitric acid decomposes,
oxidizes the copper to copper oxid; the oxid later dissolving
in the excess acid forming water and copper nitrate.
Nitric acid does not act upon gold and platinum and only
slightly upon aluminum. It attacks all other common
metals.

165. Uses of Nitric Acid.—1. Preparation of Nitrates.—
Nitrates are salts of nitric acid; they are formed when
nitric acid acts upon metals or metallic oxids, sodium -
nitrate being the only one that occurs extensively in nature.
All nitrates are readily soluble in water. Sodium, potassium,
and calcium nitrates are the most important representatives
of this class of salts. They find extensive use in fertilizers
and in making explosives. When heated, sodium and
potassium nitrate lose one atom of oxygen and form
nitrites.

i
2N8.N03 b 2N8.N02 + Oz.

With the exception of ammonium nitrate, other nitrates
decompose as follows when heated:

T 1
2Pb(NO;); — 2PbO + 4NO; + O..

2. In Dye Industry.—Nitric acid is used for making

aniline, which is the starting point for a large number of
basic dyes.
.3. Making Explosives.—Glycerin is a thick oily liquid
obtained as a by-product in the manufacture of soap.
Its formula is C;H;(OH)s. Concentrated nitric acid acts
upon it forming glyceryl nitrate, or nitro-glycerin. The
equation is as follows:

CaHs(OH)a + 3HN03 i d CaHs(NOa)s + 3Hao.

Concentrated sulfuric acid is used with the nitric acid
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in such reactions to absorb the water that is formed, thus
preventing the dilution of the njtric acid. Nitro-glycerin
i8 a heavy oily liquid. It burns readily. Since 1 molecule
has more than enough oxygen to combine with all its carbon -
and hydrogen, it burns without access to air forming water
vapor, carbon dioxid, nitrogen, and oxygen. Since these
gases occupy many times the volume of the nitro-glycerin,
enormous pressure is produced by such decomposition.
Such compounds as nitro-glycerin are said to explode by
- detonation.

Infusorial earth consists of the microscopic skeletons
of an order of one-celled animals. It absorbs from 40 to
‘75 per cent. of nitro-glycerin forming dynamite. Dynamite
is a safer explosive to handle than the liquid nitro-glycerin.

Cotton fibers consist of nearly pure cellulose, (C¢H1005)n.
When nitric acid acts on cellulose a series of nitrates is
formed. Concentrated nitric acid with sulfuric yields
cellulose hexa-nitrate, or gun-cotton. More dilute acid gives
di-, tri-, tetra-, or penta-nitrate of cellulose, which are less
powerful explosives. Cellulose hexa-nitrate has the formula,
C1:H140(NOs)s. With ether it does not dissolve but forms
a plastic colloidal suspension that may be pressed into
various shapes and cut into different-sized grains of smoke-
less powder. When it explodes, carbon monoxid, carbon
dioxid, water vapor, and nitrogen are formed. As these sub-
stances are all gases no smoke is produced. This powder
is also superior to the old black gunpowder because it is
more powerful, thus making a gun in which it is used more
efficient with a smaller weight of ammunition. Blasting
-gelatin is an exceedingly powerful explosive made from nitro-
glycerin and collodion. Collodion is an alcohol and ether
solution of a mixture of the lower cellulose nitrates. It is
used in surgery as liquid court plaster; it also finds use in
photography. Celluloid is formed by treating cellulose
nitrates with camphor. The cellulose nitrates are often
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incorrectly called nitro-celluloses. In exploding them it
is customary to use a detonator. Fulminate of mercury,
HgC,N;0,, is put in a cap and as it explodes violently by a
sudden shock, it in turn explodes the powders by deto-
nation (Fig. 58).

Tri-nitro-toluol (T.N.T.) is another explosive that is
made by using nitri¢ acid. Toluol, C;Hs, a coal-tar prod=
uct, is treated with a mixture
of nitric and sulfuric acids, the 1 !
tri-nitro-toluol being formed. TS
Ithas the formula C,H;(NO.),. a

Picric actd is a yellow crys-
talline solid that is made by 3 3
the action of nitric acid on i
phenol, or carbolic acid, \; b
CsH;OH. Its formula is
CngOH(NOz)s; it is tri-
nitro-phenol. Picric acid and
its salts are violently explosive.

166. Nitrous Acid and
Nitrites.—We have seen that
the nitrates of sodium and
potassium lose 1 atom of oxy- ¢
gen when heated, forming the d.
nitrites, NaNOQO; and KNO,. F1g. 58.—Grains of smokeless
When sodium nitrite in dilute . §n o, * Fpor e e
golution is treated with an  For 12-in. gun. (Actual size).
acid, nitrous acid is formed.

The acid is unstable, decomposing into water, nitric acid,
and nitric oxid, NO. It is used extensively in making cer-
tain dye-stuffs. Nitrogen trioxid, N;O,, is its anhydrid.

N:0; + H.O — 2HNO,.

167. Oxids of Nitrogen.—The valence of nitrogen is so
varied that it is possible for the element to form five oxids.
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Nitrogen monozid, or nilrous oxid, has the formula N,O;
nitrogen diozid, or nitric oxid, has the formula NO, or N:0,;
nitrogen trioxid, or nitrous anhydrid, has the formula N;O;;
nitrogen tetrozid, commonly called nitrogen perozid, has the
formula NO,, or N;O4; nitrogen pentoxid, or nitric anhydrid,
has the formula N:Os. The anhydrids of nitrous and
nitric acids have already been discussed. They are useful
oxidizing agents. |

168. Nitrous Oxid.—(a) Preparation.—Nitrous oxid is
prepared by heating ammonium nitrate.

T
H;NNO; b 2H20 + N20.

(b) Physical Properties.—Nitrous oxid is a colorless gas

- with a sweetish odor and taste. It is heavier than air and
moderately soluble in water. It may be easily condensed to
a liquid, in which form it is usually put on the market.

(¢) Chemical Properties.—At ordinary temperatures this
gas is stable but at increased temperatures it decomposes
into nitrogen and oxygen. Since the mixture (2 to 1) of
gases thus formed is richer in oxygen than the air (4 to 1),
nitrous oxid supports combustion better than -air. A
glowing splinter bursts into flame when thrust into a jar
of nitrous oxid. Feebly burning sulfur has too low a
temperature to decompose nitrous oxid and is extin-
guished. Vigorously burning sulfur, howeyer, decomposes
the gas and then burns very readily.

(d) Uses.—Nitrous oxid is an anesthetic and finds ex-
tensive use in minor surgical operations. Mixed with air
and inhaled it produces a kind of hysterical intoxication.
Hence it is commonly called “laughing gas.”

169. Nitric Oxid.—(a) Preparation—When we studied
the action of nitric acid on metals we learned that nitric oxid
is produced by the action of moderately concentrated nitric
acid on copper (see equation under (4), paragraph 164).
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(b) Physical Properties.—Nitric oxid is a colorless gas,
slightly heavier than air and very slightly soluble in water.

(c) Chemical Properties.—The most important chemical
property of nitric oxid is its ability to unite with more oxy-
gen when exposed to the air or oxygen (Fig. 59). The fol-
lowing reaction is reversible:

9NO + 0, = 2NO,.

Fia. 59.—The colorless nitric oxid unites with oxygen to form the reddish-
brown nitrogen peroxid.

Nitric oxid is quite stable. It does not support ordinary
combustion. Vigorously burning phosphorus decomposes
it and continues to burn, uniting with the oxygen which is
liberated.

Nitric oxid combines with certain salts such as ferrous
sulfate. This reaction serves as a delicate test for nitric
acid or nitrates. When ferrous sulfate is mixed with a
nitrate and sulfuric acid poured down the side of the tube
containing the mixture, the nitric acid set free by the sul-
furic acid is reduced by the ferrous sulfate forming nitric

oxid. The nitric oxid combines with the excess ferrous
11
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sulfate to form a reddish-brown to black ring at the surface
of the sulfuric acid layer.

(@) Uses.—The ease with which nitric oxid combines
with oxygen at the ordinary temperature and gives it up
again when heated makes it a valuable carrier of oxygen.
In one process of making sulfuric acid it is used to oxidize
sulfur dioxid to the trioxid, which is an anhydrid of sul-
furic acid.

170. Nitrogen Peroxid.—In the preceding paragraph we
leatned that nitrogen peroxid is formed when nitric oxid is
exposed to the air. It may be formed by heating nitrates,
sodium, potassium, and ammonium nitrates excepted.

At ordinary temperatures it is a reddish-brown gas,
having a disagreeable suffocating odor. Its molecular
weight shows that its formula is NOs. At low temperatures
the color practically disappears and the molecular weight
increases, showing that it has the formula N;O,. Such
association of molecules at low temperatures and dissocia-
tion at higher temperatures is not uncommon in chemistry.
The reversible equation follows:

2NO; 2 N,O,.

Nitrogen peroxid is unstable enough to support ordi-
nary combustion very readily. It is very soluble in water,
nitric acid being formed by such solution.

Nitrogen peroxid is a very useful oxidizing agent.

SUMMARY

Nitric acid is prepared by heating a mixture of sodium
nitrate and sulfuric acid. ’

Nitric acid is a heavy, oily, colorless liquid; it boils at
86°C. In water solution the acid is fairly stable. In very
dilute solution it may act as an acid. In concentrated
solution it is a vigorous oxidizing agent. Nitric acid seldom
liberates hydrogen when it acts on metals; it usually
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liberates nitric oxid or nitrogen peroxid and forms nitrates
of the metal.

Nitric acid finds extensive use in the preparation of
nitrates, in the dye industry, and in the manufacture of
explosives.

Nitrogen forms a series of five oxids. Nitrous oxid is
used as an anesthetic; nitric oxid is a carrier of oxygen;
nitrogen trioxid, nitrogen peroxid, and nitrogen pentoxid
are valuable oxidizing agents.

QUESTIONS AND PROBLEMS

1. Why does nitric acid acquire a yellow color when exposed to
sunlight?

~ 2. Why would modern warfare be practically impossible with-

out nitric acid?

3. State as many arguments as you can in favor of an appro-
priation by Congress to be used in operating a huge plant to
manufacture nitric acid from air.

4. What per cent. of nitric oxid, NO, is oxygen? What per
cent. of nitrous oxid is oxygen? Since the former has the higher
per cent. of oxygen, why is the latter a better supporter of com-
bustion?

6. A sample of sodium nitrate is 90 per cent. pure. How many
pounds of nitric acid can be made from 1 ton of the nitrate?

6. A sample of potassium nitrate is 90 per cent. pure. How
many pounds of nitric acid can be made from 1 ton of this nitrate?
Potassium nitrate costs more per pound than sodium nitrate. If
they were the same price per pound which would you use to pre-
pare nitric acid?

7. Why is it impossible to remove nitric acid stains from
clothing?

8. Given a jar of oxygen and one of mtrous oxid. By what
properties would you distinguish them?

9. Nitric acid was formerly called aqua fortis. Can you see a
good reason for such a name?

10. Why can not nitric acid be used for the preparation of
hydrogen? .



CHAPTER XIX

SULFUR AND HYDROGEN SULFID

171. Occurrence.—Sulfur is very widely distributed,
occurring both native, or uncombined, and in such com-
pounds as sulfids and sulfates. Free sulfur is especially

common in volcanic regions.
Formerly the bulk of the sulfur
came from Sicily, but at present
Louisiana is producing large

«— quantities.

172, Frasch  Process.—The
sulfur beds in Louisiana lying
at a depth of about 500 ft..are
in some places 200 ft. thick.
Since these beds are covered

. with quick-sand, several at-

tempts- to mine the sulfur re-
sulted in failure. Frasch, an
American chemist, devised the

" following successful method of

F1a. 60.—Frasch process.

extracting the element. A
12-in. shaft is drilled to the
sulfur beds and cased with iron
pipe. Inside this casing three
concentric pipes, 6 in., 3 in.,
and 1 in. in diameter respec-

tively, are driven, extending down into the sulfur beds
(Fig. 60). Into the outer pipe superheated water at a
pressure of 100 lbs. is forced. Its temperature is high

164
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enough to melt the sulfur. Hot compressed air which
is forced down the inner pipe mixes with the molten
sulfur and decreases its specific weight so much that it is
easily raised to the surface through the middle pipe (see
Fig. 61). The molten sulfur is run into wooden bins 20 ft.
wide and in some cases 100 ft. long and 30 to 50 ft. high.
When the sulfur solidifies the sides of the box are removed,

F1a. 61.—Stream of molten sulfur issuing from a sulfur well.

‘the huge block which may weigh as much as 160,000 tons
is blasted and loaded on cars with steam shovels (Fig. 62).

173. Purification of Sulfur.—The Louisiana sulfur is so
pure (99 per cent.) that for most purposes it does not require
further treatment. Crude sulfur may be purified, however,
by distilling it in earthenware retorts. The: vapor con-
denses on the walls and floor of a large brick chamber. The
fine powder is called flowers of sulfur. The sulfur that
condenses on the floor of the chamber usually melts and is
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drawn off into molds to solidify. This product is called
roll sulfur, or brimstone. A

174. Physical Properties of Sulfur.—Ordinary sulfur is a
yellow crystalline solid. It is practically insoluble in water
but it dissolves quite readily in carbon disulfid and in the
soluble bases. When acids are added to its solution in a
base the sulfur is precipitated as a fine white powder called

F1a. 62.—A block of Louisiana sulfur. (160,000 tons.)

lac sulfur, or milk of sulfur. Ordinary sulfur melts at
114.5°C. forming a pale yellow, mobile liquid. When it is
heated still higher, instead of becoming still more mobile
as liquids usually do, its viscosity increases. At a tem-
perature of about 250°C. it becomes so thick that it hardly
flows from an inverted tube. The color also changes,
becoming almost black. When heated still higher, sulfur
again becomes more fluid; it boils at 445°C. The physical
properties of sulfur are rather difficult to discuss, since
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solid sulfur exists in three different allotropic forms, each.
having distinct properties.

(a) Rhombic Sulfur.—Rhombic sulfur is produced when
sulfur crystallizes from solution. Roll sulfur dissolves.
in carbon disulfid readily. As the solution evaporates
the sulfur crystallizes in nearly

perfect octahedra (see Fig. 63).
Rhombic sulfur is stable at the
ordinary temperature; its specific
weight is a little more than 2.

(b) Prismatic Sulfur.—Prismatic

sulfur is formed when sulfur crystal-

lizes from the molten state. If we Fie. 63.—Rhombic sulfur-
melt sulfur in a large crucible, cool orystals. :
it slowly until a crust forms, break the crust and pour off
the excess liquid, the interior will contain a mass of pointed

needle-like crystals. They belong to the monoclinic system

of crystallization (see Fig. 64). Monoclinic or prismatic

sulfur is soluble in carbon disulfid; its specific weight is a.

Fia. 64.—Needle-like crystals of prismatic sulfur.

little less than 2. At temperatures below 96°C. it gradu-
ally changes into the rhombic form.

(¢) Amorphous Sulfur.—Non-crystalline sulfur is formed
when boiling sulfur is cooled by pouring it into cold water.
It is plastic and elastic. Its color is a dark brown.
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Amorphous sulfur does not dissolve in any ordinary solvent;
at the ordinary temperature it changes slowly into the
rhombic modification. Thus we see that the stability
of the different allotropic forms of sulfur depends upon the
temperature (Fig. 65). - '
175. Chemical Properties.—A¢t the ordinary temperature
sulfur is quite inactive. At higher temperatures it is quite
as active as oxygen. It unites
' with oxygen forming sulfur
dioxid.

T
S + 02 hnd SOz.

It combines with hydrogen
forming hydrogen sulfid, H.S.
When metals are heated with
sulfur the union of the two
elements is so energetic that
heat and light are evolved.
The product formed is a
sulfid. Compounds of sulfur and the non-metals are not
formed so readily, and they are quite unstable. Chemically
sulfur behaves in a manner analogous to oxygen. The
following list of compounds shows the similarity between
sulfur and oxygen compounds. If the oxid of a metal is
insoluble, the sulfid is generally insoluble.

F16. 65.—Amorphous sulfur.

Hydrogen sulfid....H,S Hydrogen oxid. . .... HO
Copper sulfid...... CuS Copper oxid......... CuO
Zinc sulfid......... ZnS Zinc oxid........... Zn0
Magnesium sulfid. . MgS  Magnesium oxid.. . ..MgO

176. Uses of Sulfur.—Sulfur is used in making sulfur
dioxid, carbon disulfid, sulfites, thiosulfates, and to some
extent in the manufacture of sulfuric acid. At one time
sulfur was extensively used for making matches, fireworks,
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and black gunpowder, but its use for these purposes is now
somewhat limited. Considerable sulfur is now used in
preparing sulfur colors.

When sulfur is mixed with rubber and heated moderately
for several hours vulcanized rubber is formed. The product
is elastic and impervious. Its hardness depends upon the
relative amount of sulfur used and the heat applied.
Ebondte is a black variety of hard rubber.

Sulfur is boiled with lime and water to prepare lime
sulfur spray which finds extensive use in killing insects
and fungi that damage fruit trees.

HYDROGEN SULFID

177. Preparation.—Although hydrogen combines directly
with molten sulfur to form hydrogen sulfid yet this method,
of preparing the gas 13 not practical since the action is
reversible.

Hydrogen sulfid is generally prepared by the action of an
acid on the sulfid of a metal. Iron sulfid and hydrochlorie
acid interact as represented by the following equation:

T
FeS 4+ 2HC] — FeCl; 4+ H,S.

178. Physical Properties.—Hydrogen sulfid is a colorless
gas; it has a disagreeable odor resembling rotten eggs. It
is heavier than air and moderately soluble in water. The
gas is poisonous when inhaled, small quantities producing
nausea, headache, and dizziness. '

179. Properties, Chemical.—The chemical properties of
. hydrogen sulfid are quite important; they may be grouped
as follows:

1. Hydrogen Sulfid Burns.—When the supply of air or
oxygen is sufficient for complete oxidation, the hydrogen
is oxidized to water and the sulfur to sulfur dioxid.

1
’ 2Hgs + 302 b 2802 + 2H30.
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In an insufficient supply of air hydrogen sulfid burns
forming water and free sulfur.

2H,S + 0, 2H,0 + 28,

It is also possible to have just enough oxygen to form a
mixture of water, sulfur dioxid, and sulfur. When a so-
lution of hydrogen sulfid is exposed to the air slow oxida-
tion occurs, sulfur being precipitated.

2. Hydrogen Sulfid a Reducing Agent—Since hydrogen*
sulfid decomposes easily into hydrogen and sulfur, it is'a
good reducing agent, for sulfur and hydrogen both have a
strong affinity for oxygen. If the gas is passed through a
solution of hydrogen peroxid, it reduces the peroxid to
water. At the same time the hydrogen of the gas is
oxidized. - Sulfur is precipitated in the form of a fine white
powder.

H,Og + st b d 2H30 + ?.

3. Hydrogen Sulfid an Acid.—In water solution the gas
turns blue litmus red, neutralizes bases, and behaves. in
_ other ways like a weak acid. Its water solution is often
called hydrosulfuric acid.

4. Hydrogen. Sulfid Acts on Metals.—The water solution
- of hydrogen sulfid acts on metals forming sulfids. Organic
substances, especially eggs, mustard, etc., contain consid-
erable sulfur. As they decay hydrogen sulfid is formed.
A silver spoon left in contact with such foods soon becomes
covered with a coating of silver sulfid. The tarnishing
of some other metals is due to the formation of a sulfid.

180. Uses.—The most important use of hydrogen sulfid
is as a reagent in qualitative analysis. Nearly all metallic
sulfids are insoluble in water. If we add hydrogen sulfid
to solutions of the salts of several metals the insoluble sul-
fids of these metals will be thrown down as precipitates.
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Cu(NOy)s + H:8 — CuS + 2HNO,.
2AsCl; + 3H,S — As;S; + 6HCL
SnCl, + 2H.S — Sxié, + 4HCL

The mixture of sulfids may be separated from one another
-gince their solubility in other reagents varies. For example,
zinc sulfid and manganese sulfid are soluble in dilute
hydrochloric acid; arsenic sulfid and tin sulfid are soluble
in ammonium sulfid; the sulfids of copper and lead are sol-
uble in hot nitric acid while mercuric sulfid is insoluble.
A scheme for the separation of the compounds of metals in
solution has been worked out, based to some extent upon
the solubilities of their sulfids in certain reagents.

181. Sulfur Springs.—Hydrogen sulfid is found in certain
natural springs and in artesian waters. It imparts a dis-
agreeable odor to the water and a peculiar taste. As
oxidation oecurs when the water comes into contact with
the air the sulfur is deposited. Some sulfur springs are
supposed to have certain medicinal properties.

182. Carbon Disulfid.—Carbon disulfid, CS;, is a com-
pound prepared by the action of sulfur vapor on charcoal
in an electric furnace. It is a heavy oily liquid; nearly
colorless. The commercial product has a very disagreeable
odor. It is not miscible with water. 1ts vapor is very in-
flammable, the products of combustion being sulfur dioxid
and carbon dioxid.

It is used as a solvent for sulfur, phosphorus, waxes,
and resins. A solution of rubber in carbon disulfid is
used as rubber cement. Carbon disulfid is used quite:
extensively for destroying insects and other small animals,
gince its vapor is poisonous and the products of its com-
bustion are suffocating.
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SUMMARY

Sulfur occurs in volcanic regions. It is believed that
beds of sulfur are sometimes formed by the decomposition
of sulfates in the presence of bacteria.

Crude sulfur is purified by distillation. It is sold as
flowers of sulfur, roll sulfur, and lac sulfur.

Sulfur exists in three solid allotropic forms; rhombic
sulfur, prismatic sulfur, and amorphous sulfur. Sulfur
is about twice as heavy as water; it is insoluble in water
but dissolves readily in carbon disulfid.

Sulfur burns with a pale blue flame forming sulfur dioxid.
It unites readily at higher temperatures with most metals.

Hydrogen sulfid is prepared by the action of an acid on a
sulfid. It is a colorless gas with a very disagreeable odor:
The gas is heavier than air and soluble in water.

"Hydrogen sulfid burns with a blue flame. It is a reduc-
ing agent. In water solution it acts like an acid and it com-_
bines with metals to form sulfids. It is used in qualitative
analysis.

Carbon disulfid is an oily liquid; it burns readily. 1t is
used as a solvent, and as a germicide and insecticide.

QUESTIONS AND PROBLEMS

1. Write three equations for the burning of hydrogen sulfid,
varying the amount of oxygen used.

2. How many liters of oxygen would be required in each of the
above equations to combine with 8 liters of hydrogen sulfid?

3. Would nitric acid be suitable for use in preparing hydrogen
sulfid? Explain.

4. Devise a method of testing for traces of hydrogen sulfid.

6. Calculate the weight of 1 liter of hydrogen sulfid.

6. How many grams of iron sulfid are needed to prepare 30
grams of hydrogen sulfid? To prepare 20 liters of the gas?

7. Why does silverware tarnish so readily in city dwellings?

8. Write the equations to show the reaction of hydrogen sulfid
on the chlorids of mercury, antimony, zinc, nickel, and bismuth.



CHAPTER XX
OXIDS AND ACIDS OF SULFUR

183. Preparation of Sulfur Dioxid.—1. Burning Sulfur.—
When sulfur burns in air, sulfur dioxid, SO,, is formed.
Since the product mixes with nitrogen and other atmos-
pheric constituents, this method is not practical if reason-
ably pure sulfur dioxid is desired. Metallic sulfids yield
sulfur dioxid when heated or roasted in air. .

2. Reduction of Sulfuric Acid.—Hot concentrated sul-
furic acid acts as an oxidizing agent in the presence of cer-
tain metals. A part of the sulfuric acid is thus decomposed
with the liberation of sulfur dioxid. The reaction is com-
plex but probably a series of reactions occurs about . as
follows:

H,S0, — H,0 + 80, + (0)
N
Cu+ 0 —CuO
o

[ v
CuO + HgSO4 - CUSO4 + Hzo
If we combine these equations, the final products may be
represented as follows:

1
Cu + 2HQSO4 - CHSOg + 2H20 + SOz
3. Decomposition of Sulfites.—Sulfur dioxid is frequently
prepared by the action of an acid on a sulfite. If sodium
sulfite and sulfuric acid are used the products formed are
water, sulfur dioxid, and sodium sulfate.

Na;80; + HsS0, — Na,S80, + H,S0;s

\
S0; + H,0.
173
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184. Properties, Physical.—Sulfur dioxid is a colorless
gas with a choking odor. As prepared in the laboratory
it is usually whitish in appearance due to the presence of
finely divided particles of sulfur trioxid. Sulfur dioxid is
more than twice as heavy as air; it is very soluble in water.
It is one of the easiest gases to liquefy, and liquid sulfur
dioxid is put on the market in metal containers.

185. Properties, Chemical.—1. Activity.—Sulfur dioxid
neither burns nor supports combustion, although it may be
- oxidized to sulfur trioxid by using suitable catalytic agents.

Thus it acts chemically as a reducing agent.
© 2. Acid Action of Sulfur Diozid Solution.—Sulfur dioxid
is the anhydrid of sulfurous acid. When sulfur dioxid is
dissolved in water the solution has the properties of a weak
acid, turning blue litmus red, and neutralizing bases form-
ing sulfites. Sulfurous acid is unstable readily breaking up
into water and sulfur dioxid.

T
HaSOa — Hgo + SOQ.

3. Bleaching Action.—Sulfur dioxid unites with the col-
ored compounds of many organic substances forming col-
orless compounds. For example, sulfur dioxid unites with
the natural yellow color. of straw to form a colorless
compound. The substance to be bleached must be
moist. It is possible that the bleaching action of sulfur
dioxid is sometimes due to its ability to act as a reducing
agent.

186. Uses of Sulfur Dioxid.—Sulfur dioxid is used as a
disinfectant and insecticide. It prevents the growth of
yeasts, molds, and bacteria. Hence it is sometimes used
as a preservative in such food-stuffs as canned corn, sausage,
and fruits. Since it is injurious to higher forms of life as
well as to lower animal and plant life, its use as a pre-
servative is questionable.
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Considerable sulfur dioxid is used to bleach wool, silk,
and straw. The colorless compound that is formed by the
union of the dioxid with the natural color is unstable;
it decomposes in sunlight giving the original color. Certain
food-products, such as molasses and dried fruits are often
bleached by sulfur dioxid. Maraschino cherries are thus
bleached and then dyed a bright red or green color (see
Fig. 66).

F1e. 66.—Carnations showing the bleaching effects of sulfur dioxid.

Large quantities of sulfur dioxid are used in the prepa-
ration of sulfites but its most important use is in the manu-
facture of sulfuric acid.

SULFUR TRIOXID AND SULFURIC ACID

187. Sulfur Trioxid.—Sulfur trioxid is the anhydrid of
sulfuric acid. It is a colorless liquid at ordinary tempera-
ture. In the presence of a trace of moisture it forms a
white crystalline solid. This solid dissolves in water with
a hissing sound forming sulfuric acid. Sulfuric anhydrid is
a vigorous oxidizing agent.
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188. Manufacture of Sulfuric Acid.—We have learned
that sulfuric acid is formed by dissolving its anhydrid,
S04, in water.

H,0 4 SOs; 2 H,S0..

In making the acid commercmlly two processes are in
extensive use.

1. Contact Process.—When sulfur dioxid is heated with

air sulfur trioxid is formed slowly. In the presence of a
suitable catalytic agent, such as ferric oxid or finely divided
platinum, the union of the oxygen with the sulfur dioxid,
280; + 0; — 280,;, occurs rapidly enough so that the
method may be used commercially.
. The sulfur dioxid, obtained by roasting iron pyrites,
FeS,, is mixed with alr and passed through heated iron pipes
containing the catalyzer. The sulfur trioxid that is formed
is usually absorbed in very concentrated sulfuric acid and
then diluted with water to the desired strength.

HQSO4 + SOa g HgSgO7.
HQSQO1 + H,O b 2H28040

The contact process of making sulfuric acid is used ex-

tensively in Europe, especially when chemically pure acid
of a high concentration is required.
2. Chamber Process.—In the chamber process sulfur dioxid
is oxidized to the trioxid by the use of oxids of nitrogen;
the sulfur trioxid combines with water to form sulfuric acid.
We have seen that nitric oxid acts as a carrier of oxygen,
taking it from the air and giving it up to a reducing agent
such as sulfur dioxid; thus the oxids of nitrogen are not
wasted but used again and again (see Fig. 67).

In practice the sulfur dioxid, formed by burning sulfur or roast-
ing iron pyrites, FeS,, together with oxids of nitrogen and an
excess of air, is conducted from the burners B into the Glover
tower. As the gases ascend through the tower, which is filled
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with lumps of quartz, or some acid-resisting brick, théy meet two
streams of sulfuric acid, one dilute and the other containing
dissolved oxids of nitrogen, from the Gay-Lussac tower. These
acids cool the ascending gases before they enter the lead chambers.
The acid from the Gay-Lussac tower loses its oxids of nitrogen and
the dilute acid loses water, so that a more concentrated acid
flows from the bottom of the tower into the acid egg E from which
it is forced by compressed air to the top of the Gay-Lussac tower.

The main chemical reactions occur in the lead chambers, which
may be 100 ft. long, 40 ft. high, and 20 ft. wide. Four of these
chambers are generally used in a single plant. Steam is intro-
duced, which combines with the gases entering the chambers
from the top of the Glover tower to form the chamber acid. Sul-
furic acid does not act on lead until it is fairly concentrated, nearly
80 per cent. For many industrial purposes the acid does not need
further concentration. If a more concentrated acid is desired,
further concentration is carried on in glass or platinum vessels.
As the concentration of this acid is the most costly part of the
process, the bulk of the concentrated acid of commerce is now made
by the contact process.

Some of the oxids of nitrogen from the last chamber are ab-
sorbed in the Gay-Lussac tower by concentrated.acid from the
Glover tower which trickles down over layers of coke. This
“nitrose’’ acid flows into the egg E’ from which it is forced to the
top of the Glover tower to be used over again. Waste gases,
including nitrogen and some of the lower oxids of nitrogen, pass
out through a stack at the top of the Gay-Lussac tower.

189. Physical Properties.—Sulfuric acid is a heavy, oily
liquid; it is frequently called ‘““oil of wvitriol.”” Ordinary
concentrated sulfuric contains about 93.5 per cent. acid;
its specific weight is from 1.83 to 1.84. The boiling point
of this acid is higher than that of most common acids,
about 338°C. Pure sulfuric acid is colorless but the com-
mercial acid is often colored yellow to almost black due
to impurities, especially organic matter. When sulfuric’
acid is added to water, a great deal of heat is evolved.
The action is chemical, hydrates of sulfuric acid, HsSO,*
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2H,0 or H,S80, - H,0O, being formed. These hydrates de-
compose when the acid is heated.

190. Chemical Properties.—1. As an Actd.—Dilute sul-
furic acid has all the properties of a typical acid. It acts
on metals, the oxids of metals, and neutralizes bases forming
sulfates.
© 2, As an Ozidizing Agent.—When heated, sulfuric acid
decomposes as follows: HsSO — H,0 + SO: + (0). The
nascent oxygen is a vigorous oxidizing agent. Thus hot
concentrated sulfuric acid acts as an oxidizing agent exactly
analogous to hot nitric acid, although it is not so vigorous
in its action. Its action on metals when hot and concen~-
trated was shown in the second method of preparing sulfur
dioxid. The dilute acid acts on metals liberating hydrogen.

3. As a Dehydrating Agent.—Sulfuric acid has a strong
affinity for water. Gases that do not interact with the
acid may be dried by bubbling them through it. In
making explosives the action of nitric acid on the organic
matter forms water. Sulfuric acid is always mixed with
the nitric acid to absorb the water that is thus formed and
prevent its dilution. Not only does sulfuric acid absorb
water, but it takes hydrogen and oxygen from many or-
ganic ‘compounds leaving carbon as a residue. In this
manner sulfuric acid chars wood, paper, cotton, and other
organic matter. Continued action of the hot acid may com-
pletely oxidize the carbon.

191, Uses.—To mention all the uses of sulfuric acid
would necessitate naming nearly all the industries. Enor-
mous quantities of sulfuric acid are used in the petroleum
industry, in making explosives, fertilizers, and in the
preparation of nearly all other acids. The commercial
acid can be manufactured for less than a cent a pound.

192. Sulfates.—The sulfates form a very important
class of salts. They are salts of sulfuric acid; they are often
popularly called vitriols. Copper sulfate is commonly
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called blue vitriol; zinc sulfate, white vitriol; and ferrous
sulfate, green vitriol. All sulfates have the SO, radical.
Nearly all sulfates are soluble, the sulfates of lead, calcium,
strontium, and barium being the chief exceptions.

198. Test for a Sulfate.—When a solution of barium
chlorid is added to a solution containing sulfuric acid, or a
sulfate, a white precipitate of barium sulfate is formed.
'This precipitate is insoluble in hydrochloric acid. The

" above test is used to detect the presence of a sulfate.

194. Normal Salts and Acid Salts.—Sulfuric acid has 2
hydrogen atoms per molecule, one or both of which may
be replaced by the metal of a base. An acid having 2
replaceable hydrogen atoms per molecule is said to be di-
basic. It can form two classes of salts: normal or neutral,
and acid. The following equations show how this is

possible.
Na—-jO—-H Hi — / Na — \ /
No  Ne—0/No"

2H-0-H

The dotted lines show that each hydrogen atom of the
sulfuric acid molecule unites with one hydroxyl (OH) group
to form a molecule of water. Sodium sulfate, Na,SOj,
is a normal salt.

If we use just half as much sodium hydroxid the reaction
takes place as follows:

Na — ‘O~H“+,H: - O\S /0 . Na — /
-0/ N H \o
H O-H

Only one of the hydrogen atoms of the sulfuric acid
molecule unites with hydroxyl to form water and the salt
formed is acid sodium sulfate, HNaSQ,; since the salt has
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nearly twice as much (SO,) for a given weight of sodium
as sodium sulfate, Na:SQ,, it is often called sodium
bi-sulfate.

A glance at the formulas of nitric acid and hydrochlori¢
acid shows that they can form normal salts only, since they
have only 1 hydrogen atom to the molecule. Such acids
are mono-basic.

Phosphoric acid, HyPO,, is a tri-basic acid; it has 3
replaceable hydrogen atoms in its molecule. It may form -
three classes of salts as the following equations cldarly
show.

Na— {0 —H ~"Hi— 0 - Na— 0y
Na — i -—0-P=0— Na—-0-P=0
Na - iO0 I_y—O/ Na - O

+3H-0-H
Na—‘O\

=0
+2H-0-H
Na—|0—H _ H-0\ Na —
+ H-0-P= O—»H—O P=0
H-0/ H -0/
+H-0-H
NasPO, is tri-sodium phosphate, or normal sodium
phosphate.

HNa.PO, is di-sodium phosphate, or acid sodium phosphate.

H,NaPO, is mono-sodium phosphate, or di-acid sodium
phosphate.

196. Other Acids of Sulfur.—A large number of acids
of sulfur are known. With the exception of those already
discussed, few are very important. Hypo-sulfuroue acid
probably has the formula H;S;0s Per-sulfuric acid,
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H.8,0;, is a very vigorous oxidizing agent. Pyro-sulfuric
acid, or fuming sulfuric acid is H,8:0;. Thio-sulfuric
acid, Hs8:;0;, is unstable but its sodium salt forms the
“hypo’’ used so extensively by photographers.

SUMMARY

Sulfur dioxid is formed: (1) by burning sulfur; (2) by
roasting sulfids; (3) by decomposing sulfuric acid; and (4)
- by the action of an acid on a sulfite.

Sulfur dioxid is a heavy suffocating gas; it is very soluble
in water; sulfur dioxid is very easy to liquefy.

Chemically sulfur dioxid is a reducing agent; its water
solution has all the properties of a weak acid. Sulfur
dioxid is a good disinfectant and antiseptic.

Sulfur dioxid is used as a germicide, a preservative, a
bleaching agent, and in the preparation of sulfites and
sulfuric acid.

Sulfur trioxid is prepared by oxidizing sulfur dioxid by
the use of a suitable catalytic agent. Sulfur trioxid is the
anhydrid of sulfuric acid.

Sulfuric acid may be made by the contact process or the
chamber process. It is a heavy oily liquid that mixes
with water in all proportions. Chemically sulfuric acid
acts as an acid when dilute; it acts as an oxidizing agent
when concentrated and also as a dehydrating agent.

Sulfuric acid is used in nearly all industries.

A di-basic acid has 2 replaceable hydrogen atoms per
molecule; it forms two classes of salts: acid salts, and
normal salts.

QUESTIONS AND PROBLEMS

1. State two reasons why sulfuric acid is used in the prepara-

tion of other acids.

2. How would you prepare pure sulfur dioxid?
8. In diluting sulfuric acid why should the sulfuric acid be

poured into the water?
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4. How many pounds of sulfuric acid can be prepared from 1 ton
of sulfur, if its purity is 98 per cent.?

6. Would it be possible for sulfuric acid to form an acid salt
with calcium hydroxid? If so, write the equation.

6. Cream of tartar is a salt. How do you account for its sour
taste and its action as an acid?

7. How many sodium salts could be formed with a tetra-basic
acid?

_ 8. How would you test a solution to see whether it contains a

sulfate?

9. How many cubic centimeters of sulfuric acid, specific weight
1.8, strength 87 per cent., will be required to neutralize 100 grams
of sodium hydroxid?

Topics for Reference.—Sulfur dioxid as a bleaching agent.



CHAPTER XXI
THEORY OF SOLUTION—IONIZATION

196. Introductory.—It has long been known that certain
substances behave very differently in solution than they
do in the dry state. (1) They are more active chemically;
in fact in the majority of cases it is doubtful if any chemical
action occurs between perfectly dry substances. (2)
Certain dry substances are poor conductors of electricity,
while their water solution conducts the electric current
fairly well. (3) Substances whose solutions are fair con-
ductors of electricity produce abnormal osmotic pressure.
(4) Such substances also lower the freezing’ point and raise
the boiling point of their solutions abnormally.

F1a. 68.—Apparatus used to show the conductivity of solutions.

197. Electrolytes and Non-electrolytes.—Chemical com-
pounds whose water solutions are good conductors of
electricity are called electrolytes. By using the apparatus
shown in Fig. 68, we may test the conductivity of certain
substances. If we add a little hydrochloric acid to the

184
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bottle and dip the wires into the solution the electric
light glows brightly. Other acids behave in the same
manner, although in most cases the light does not glow so,
brightly showing that most acids do not conduct the current
8o readily as hydrochloric acld In the same manner we
may test the soluble bases and ‘salts. They are also con-
ductors. Thus we conclude that acids, bases, and salts
are electrolytes. Distilled water does not conduct the cur-
rent and the lamp does not glow when the wires are dipped
into it. The addition of such substances as alcohol, ether,
sugar, glycerin, and glucose does not render the solution
conducting. Such substances are non-electrolytes.

198. Ionization Theory.—Of several theories of solution
that have been advanced, the one that seems most plausible
was proposed by Arrhenius, a Swedish chemist, in 1887.
His theory of Zonization is probably more generally accepted
at the present time than any other theory of solution.

This theory of solution assumes that electrolytes in
solution are dissociated into ions. An ion is an atom or
group of atoms that carries an electric charge. To illustrate,
suppose we dissolve sodium chlorid in water. Part of the
sodium chlorid molecules dissociate into sodium ions and
chlorid ions. The sodium ion carries a positive charge;
the chlorid ion, a negative charge. The following tonic
equation shows the manner of dissociation*

+ —_
NaCl + H;0 — Na Cl + HOH.

Some of the sodium chlorid molecules are not dissociated,
but the percentage that dissociates increases as the solu-
tion becomes more dilute. Concentrating a solution by
evaporating the water decreases the number of ions present,
the solid salt being again obtained by evaporating to dryness.
Water itself is very slightly ionized, forming positive hydro-
gen ions and negative hydroxyl (OH) ions.
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199. Jon and Atom.—The opponents of the ionization
theory state that if dissociation occurs in solution, as in the
case of sodium chlorid, the sodium would attack the water
forming sodium hydroxid and that the chlorin would color
the solution yellow. It appears that the electric charge car-
ried by the atom changes its nature. As soon as the sodium
ion gives up its positive charge it behaves in every way like
asodium atom. The same is true of the chlorin ion. Since
there are the same number of positive charges as negative .
the solution shows no signs of being electrically charged.

200. Electrolysis.—The ionization theory explains why
some solutions conduct the electric current. In Fig. 69,
suppose we have a solution of
copper sulfate. As the salt
dissolves, dissociation occurs.

F1a. 69.—Dissociation of copper F1a. 70.—Electrolysis of copper
sulfate into its ions. sulfate.

Since copper is bivalent, each copper ion carries two posi-
tive charges; each sulfion (SO,) group carries two negative
charges.

Suppose we introduce into the solution two platinum
strips, or carbon rods, and connect them to a battery as in
Fig. 70. Since the rod A is connected to the positive plate
of the battery it is charged positively; it is called the
positive electrode, or anode. The rod B which is connected
to the negative plate becomes negatively charged; it is
called the negative electrode, or cathode. Since like charges
repel each other and unlike charges attract, the copper
ions will go to the cathode. There they have their charge
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neutralized, and are deposited on the cathode as a smooth
coating of metallic copper. The SO, ions are attracted to
the anode; as their charge is neutralized the SO, group,
being unstable, breaks up liberating oxygen and forming
S0;. The SO; unites with water to form sulfuric acid.

Electrolysis is the separation of a compound info its con-
stituents by means of an electric current. The student should
remember that dissociation occurs before the electrodes
are introduced; the electric current separates the ions,
the positive going to the cathode and the negative to the
anode. The ions really conduct the current through the
solution.

201. Effect of Electrolytes on the Boiling Point and
Freezing Point.—We have already learned that 1 mole of
certain substances dissolved in 1 liter of water lowers the
freezing point 1.89°C. and raises the boiling point 0.52°C.
Following a series of investigations Van’t Hoff formulated
the following theory: Dilute solutions of equal osmotic pres-
sure contain the same number of molecules. His theory is
really Avogadro’s theory applied to dilute solutions. It
appears then that the effect a solute has on the boiling
point and freezing point is due to the number of particles
in solution.

The fact that a molar solution of sodium chlorid lowers
the freezing point nearly twice as much as a molar solution
of sugar is easily explained by the ionic theory. As the
sodium chlorid ionizes each molecule forms two ions or
particles. Hence in dilute solutions when the ionization
is nearly complete there will be nearly twice asmany particles
as in a solution of a non-electrolyte of equal concentration.
The boiling point will also be raised nearly twice as much.

202. Degree of Ionization.—From the preceding para-
graph it is easy to determine the degree of ionization of a
" substance in solution. If the electrolyte were completely
ionized, the freezing point of the solution would be lowered
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twice as much as with a non-electrolyte of the same con-
centration. Suppose a solution of sodium chlorid when
tested lowers the freezing point only 1.8 times as much as a
non-electrolyte. It is evident that only 1.8/2, or 90 per
cent. of the sodium chlorid molecules are ionized. The
degree of ionization can be more accurately determined
by measuring the conductivity of the solution, but the
method is too difficult for beginners.

203. Ionization of Acids.—All acids contain hydrogen.
When they ionize the hydrogen+ion is positive. _{Iydro-

chloric acid ionizes as follows: H Cl; nitric acid, H NO;.
An acid may be defined as a c.mpound whose water solution
contains positive hydrogen ions.

From the above definition the strength of an acid appears
to depend upon the number of hydrogen ions present in its
solution. Since hydrochloric acid and nitric acid ionize
readily they form some of the strongest acids known. The
student must not confuse the terms strong and concentrated
as applied to acids. Dilute hydrochloric acid contains
more hydrogen ions than concentrated acetic acid which
does not ionize readily. Hence acetic acid is a weak acid.
Dry hydrogen chlorid does not act as an acid at all. One
hundred per cent. nitric acid is a vigorous oxidizing agent
but it does not have acid properties.

Sulfuric acid undergoes two stages of ionization as

+ -
follows: H HSO,; the HSO, undergoes a secondary ioni-

+ -
zation, H SO,;. The ability of sulfuric acid to ionize in
two separate steps accounts for the formation of normal
and acid salts.

+ - + - + -
Na OH + H HSO——Na HSO,+ HOH.

Sulfuric acid does not ionize so completely as hydrochlorie
and nitric acids and is a weaker acid, although because of its
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high boiling point it decomposés salts of either nitric or
hydrochloric acid.

204. Ionization of Bases.—When bases ionize the metallic
ion carries the positive charge and the hydroxyl (OH) ion

is negative. For example, Na, OH K OH; Ca (OH)z
A base may be defined as a compound whose water solution
contains negative hydroxyl (OH) ions.

The strength of a base depends upon the concentration
of the (OH) ion. Sodium hydroxid and potassium hydroxid
are the strongest bases known. Ammonium hydroxid of
equal concentration furnishes only about 4 per cent. as
many (OH) ions; it is therefore a weak base.

206. Neutralization.—When we write the ionic equation
to show neutralization,

+ - + - + -

Na OH+ H Cl——Na Cl+ HOH,
we see that the hydrogen ion of the acid unites with the
(OH) ion of the base to form non-ionized water. The
salt that is formed ionizes, since soluble salts usually have a
high degree of ionization. A salt may be defined as a com-
pound formed by the union of the positive ton of the base with
the negative ton of an acid.

It is interesting to note that the amount of heat liberated
by neutralizing.1 mole of a mono-basic acid is the same as
that liberated by the neutralization of 1 mole of any other
mono-basic acid. Thus 13,700 calories of heat are liberated
when 1 mole of sodium hydroxid in solution neutralizes
1 mole of hydrochloric acid; the same amount is liberated
when 1 mole of the same base neutralizes 1 mole of nitric
acid. This is also the heat of formation of 1 mole, or 18
grams, of water by neutralization.

208. Chemical Tests Are Tests for Ions.—In the labo-
ratory most tests are tests for ions, not elements. If we
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add to a solution of sodium chlorid a few cubic centimeters
of silver nitrate solution the following reaction occurs:

+ - + - + -
Na Cl+ Ag NOy—AgCl 4+ Na NO,.
i

The urndissociated silver chlorid comes down as a white
precipitate. Insoluble silver chlorid is always precipitated
when silver nitrate is added to a solution of a chlorid. That
this test is not a test for chlorin may be shown by adding a
few cubic centimeters of silver nitrate to a solution of sodium
chlorate.

+ - + - + - + -
Na ClO; +Ag NO;=Ag ClO;+ Na NO,.

Chlorin is present in sodium chlorate but no precipitate
is formed with the silver nitrate. If any reaction occurs,
all the substances ionize and remain in solution.
~ Anhydrous copper sulfate is white; the hydrated salt or a

solution of the salt is blue in color. Since soluble copper
salts give a blue solution we may infer that the blue color
is due to the copper ion. In a similar way it may be shown
that the ferrous ion is green, while the ferric ion is reddish-
brown. Cobalt salts are pink in water solution when
ionized, but a large number of them become blue when they
are dehydrated.

The theory of ionization explains the fact that such mix-
tures as baking powder, effervescing powders, etc., do not
act in the dry state, but that a chemical change begins
as soon as water is introduced, thereby causing dissociation.

207. Valence of Ions.—From the equations that have
been given showing ionization, it is easy to see that the
valence of an ion is equal to the number of electrical charges
the ion carries. Hydrogen is capable of losing one negative
charge or electron, and thus has a positive valence of 1;
aluminum has the ability to lose three electrons, hence
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it has a positive valence of 3. The number of electrons a
negative ion can gain, er acquire, determines its valence.

208. Ionizing Agents.—Ionization occurs very readily in
water solution. It does not occur so readily in most other
solvents. Hydrogen chlorid does not act like an acid when
dissolved in toluol since ionization does not occur. Ioni-
zation does not occur readily in such solvents as toluol,
ether, and benzol.

Heat may produce ionization. Gases that are heated to a
high temperature become fair conductors of electricity
since ionization takes place to some extent. Heating a
solution increases the degree of ionization of the solute.

Fused or melted salts are ionized to some extent. Dry
sodium chlorid is a poor conductor. The fused salt is quite
a good conductor. Considerable use is made of the fact that
ionization occurs when the salt is melted, especially in the
electrolysis of compounds whose elements tend to unite
readily with water.

SUMMARY

An electrolyte is a compound whose water solution is a
good conductor of electricity. Acids, bases, and salts are
electrolytes. Such substances as alcohol, ether, and sugar
are non-electrolytes. Their solutions are non-conductors.

The ionization theory assumes that electrolytes are dis-
sociated into ions in water solution. An ion is an atom or a
group of atoms carrying an electric charge.

An acid is a compound whose water solution contains
hydrogen ions; its strength depends upon the concentration
of the hydrogen ion.

A base is a compound whose water solution contains
hydroxyl (OH) ions; its strength depends upon the con-
centration of hydroxyl ions.

Neutralization is the union of the hydrogen ion of an

acid with the hydroxyl ion of a base to form water.
18
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The ionization theory explains the conductivity of solu-
tions, the abnormal osmotic pressure of electrolytes, and
the abLormal elevation of the boiling point and depression
of the freezing point by electrolytes in solution. ‘

QUESTIONS

1. Why do we call the solution of hydrogen sulfid a weak acid
and the solution of hydrogen chlorid a strong acid?

2. What is an electrolyte? How could you determine whether
glycerol is an electrolyte?

8. Write ionic equations to show the neutralization of nitric
acid by calcium hydroxid; of sulfuric acid by calcium hydroxid.

4. Define acid, base, salt, and neutralization from the stand-
point of the theory of ionization.

6. Cold, concentrated sulfuric acid does not act on zine to liber-
ate hydrogen, but dilute sulfuric acid does. Explain.

6. From a consideration of the theory of ionization explain
what happens when an electric current is passed through a solution
of sodium chlorid.

7. Substances coated with a solution of a cobalt salt show color
changes depending upon the amount of moisture in the air.
Explain.

Topic for Reference.—Arrhenius. Van’t Hoff.



CHAPTER XXII
EQUILIBRIUM AND REVERSIBILITY

209. Introductory.—We know that many substances in
golution are very active chemically. We have also observed
that some chemical reactions run to completion, while
* others run to equilibrium. It will be of interest to inquire
what changes occur during metathesis. If we mix solutions
of silver nitrate and sodium chlorid,

+ - + - + -
Ag NO; +Na Cl—AgCl+ Na NO,,

we may be sure that the sodium and the silver ions will
not combine since both are positive and like charges repel. .
Likewise we reason that the chlorid ion and the nitrate ion
will not combine since both are negative. Thus the only
possible combinations, if a chemical change occurs at all,
will result in the union of positive silver ions with negative
chlorid ions to form silver chlorid and the union of positive
sodium ions with negative nitrate ions to form sodium
nitrate. The student should remember that it is customary
to write the positive forming element of a compound first.
It is also of interest to inquire if there is any way to foretell
whether a chemical reaction will occur, and whether it
will run to completion or to equilibrium.

210. Chemical Reactions Run to Completion.—1. When
an Insoluble Compound is Formed.—The reaction discussed
in the preceding paragraph runs to completion because
gilver chlorid, an insoluble compound, is formed. This
is what we might expect from the ionization theory. The

195 :
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solutions of sodium chlorid and silver nitrate were largely
ionized. The silver chlorid as it is formed does not ionize
and is virtually removed from the sphere of action. As
the Ag and Cl ions are thus removed other silver nitrate and
sodium chlorid molecules dissociate, their Ag and Cl ions
being in turn removed by the precipitation of more silver
chlorid. Thus we conclude that metathesis will always occur
if one of the compounds that would be formed is tnsoluble;
such a reaction will run to completion.
2. When a Volatile Compound or Substance ©s Produced.—

Suppose we treat sodium chlorid with sulfuric acid, ‘

T
2NaCl + H.S0, — Na,S0, + 2HCL.

The hydrogen chlorid that is formed is volatile and es-
capes as a gas. The explanation from the ionic theory is
the same as above. The H and Cl ions unite to form gaseous
HCl which is not dissociated. Thus we conclude that
_metathesis will occur if one of the compounds that would be
formed 18 volatile; such a reaction also runs to completion.
These facts are known as Berthollet’s laws.

3. When a Compound is Formed That Does Not Dis-
soctate.—Neutralization reactions usually run to completion
since water, which does not -ionize to any appreciable
extent, is always formed,

NaOH + HCl — NaCl + HOH.

In 10 per cent. solutions sodium hydroxid, hydrochloric
acid, and sodium chlorid all dissociate to the extent of
50 per cent. or more. Water dissociates to the extent of
about 1 part per billion. Thus the above reaction runs
practically to complztion, the H ion of the acid and the
OH ion of the base uniting to form non-ionized water.

211, Equilibrium.—Suppose we mix solutions of sodium
nitrate and potassium chlorid.

+ - + -  + - + =
Na NO;+ K Cl2K NO; + Na CL
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" If metathesis occurs at all, potassium nitrate and sodium
chlorid will be formed. But both these salts dissociate in
solution. Thus while the sodium nitrate and potassium
chlorid tend to form potassium nitrate and sodium chlorid
the same products tend to reverse the reaction to form the
original salts. The equation is reversible and runs to equi-
Uibrium. Such a solution will then contain Na, NOs, K,
and Cl ions; it will also contain some undissociated mole-
cules of sodium nitrate, potassium chlorid, potassium ni--
trate, and sodium chlorid. If we increase the concentration
of one factor after equilibrium has been reached, by adding
more of one of the constituents, the equilibrium is destroyed
and the proportion of the constituents is varied. This
effect is known as mass action. It is very important to the
manufacturing chemist, since changes in temperature and
atmospheric pressure often influence the concentration of
the ions of one substance more than another. By thus in-
creasing the concentration on one side of the equation or
decreasing it on the other, it is possible to increase the yield
of a product, or to change in some cases an equilibrium re-
action to one that runs to completion.

212. Hydrolysis.—Although water ionizes very slightly,
yet it does dissociate to some extent. When a salt is dis-
solved in water, enough hydrogen and hydroxyl ions may
be formed from the water to reverse the ordinary neutrali-

- zation reaction by which the salt was formed. Such
decomposition of a compound by water is called hydrolysis.

Sodium chlorid undergoes almost no hydrolysis in water
since it is the salt of a very strong base and a very strong
acid. The degree of ionization of the water is so slight in

_comparison with that of the acid and base that it is almost
negligible.

Sodium carbonate hydrolyzes to some extent in water
solution. '

Na,CO; + 2HOH .~ H,CO; + 2NaOH
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If we study this reaction we see that two of the com-
pounds, sodium carbonate and sodium hydroxid dissociate
readily ; carbonic acid is a weak acid and dissociates slightly;
water is very slightly dissociated. Red litmus dipped into
the solution is turned blue since the small amount of sodium
hydroxid formed from the OH ions of the water is relatively
stronger than the carbonic acid produced by the action of
the H ions. The use of sodium carbonate in washing pow-
ders depends upon the fact that its water solution acts
like a base. .

Zinc chlorid hydrolyzes slightly in water.

ZnCl, + 2HOH —_ Zn(OH), + 2HCI

Here the hydrochloric acid that is formed is relatively
stronger than the weak base, zinc hydroxid. The solu-
tion turns blue litmus red. Its use in soldering depends
upon its ability to act like an acid in water solution, thus
dissolving oxids of metals.

Aluminum sulfid hydrolyzes almost completely in water.

T
Al8; + 6HOH — 2A1((1)H)a + 3H,S8

Both the acid and the base from which aluminum sulfid
is formed are very weak. The hydrogen sulfid that is
liberated escapes as a gas, while the aluminum hydroxid is
thrown down as a precipitate.

SUMMARY

Reactions run to completion: (1) if an insoluble compound
is formed; (2) if a volatile product is liberated; (3) if a
compound is formed that does not dissociate

Reactions run to equilibrium when none of the products
formed are removed from the field of action by insolubility,
volatility, or undissociation.
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By changing the concentration of the constituents it is
possible to force a chemical reaction in a certain direction.

Hydrolysis is the decomposition of a compound, espe-
cially a salt, by the action of water.

Almost no hydrolysis occurs when both the acid and the
base from which the salt was formed are very strong.

When either the acid or the base is weak some hydrolysis
occurs; if the former is strong and the latter weak the solu-
tion of the salt in water acts like an acid, and conversely.

Practically complete hydrolysis occurs when the salt of
a very weak base and a very weak acid is dissolved in water.

QUESTIONS

1. Write the equations given in Chapter XV, showing which
ones run to completion and which to equilibrium. Give the
reasons.

2. From your knowledge of soap, would you expect its solution
to react acid or alkaline?

8. Why is a knowledge of physical chemistry so important to
manufacturing chemists?



CHAPTER XXIII
CARBON

213. Occurrence of Carbon.—Under the study of fuels
we learned that coal, wood, and oils contain carbon. This
element is not only a constituent of fuels, but all plants and
animals contain carbon. Its presence may be shown by
the black color produced whenever organic matter is
charred. )

214, Allotropic Forms.—Like sulfur, carbon also exists
in three allotropic modifications: (a) amorphous carbon,
of which charcoal, coke, lamp-black, bone-black, and gas
carbon are examples; (b) graphite; (c) diamond.

216. Charcoal.—Charcoal is prepared by the destructive
distillation of wood. The wood is heated in retorts;
combustible gases, wood vinegar or acetic acid, and wood
alcohol are among the by-products obtained, while charcoal
is left in the retort as a residue.

Charcoal is a porous, black, brittle solid. It is heavier
than water, although it often absorbs so much gas that it
floats on water. For example, 1 volume of charcoal may
absorb 90 volumes of ammonia gas. Charcoal, like other
forms of carbon is insoluble in all ordinary solvents. At
the temperature of the electric arc carbon volatilizes.

Chemically charcoal is inert at the ordinary temperature.
Its most important chemical property depends upon the
fact that it unites readily with oxygen at higher tempera~
tures. Thus it is an excellent reducing agent.

Charcoal is used to absorb gases from liquids and thus

200
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serves as a deodorizer; it is also used to decolorize certain
liquids; it finds limited use as a fuel and a reducing agent.

216. Coke.—Coke is made by the destructive distillation
of soft coal. A few years ago the bee-hive oven was largely
used in this country. This oven is filled with coal, a part
of which burns in a limited supply of air, furnishing enough

-heat to drive off the volatile matter from the unburned
portion. The by-products, gas, coal-tar, and ammonisa,
are all wasted. It is estimated that the waste in 1913 of
these by-products amounted to more than $70,000,000.
To save these by-products, which are worth about $1.50
per ton of coal used, by-product coke ovens are now being
‘rapidly installed to take the place of the older type. They
also increase the yield of coke by 10 or 15 per cent.

Coke is a gray solid, harder and denser than charcoal.
It burns readily and is an excellent reducing agent, enormous
quantities being used every year in extracting metals from
their ores.

217. Gas carbon is finely divided carbon that collects on
the walls of the retorts used in making coal gas. When it is
scraped off and pressed into sticks it becomes a good con-
ductor, and finds extensive use for the carbons of arc lamps
and for making the positive plate of dry cells.

218. Animal charcoal is made by the destructive distilla-
tion of bones. Calcium phosphate which is present to the
extent of 80 per cent. or more is removed by treating the
charcoal with hydrochloric acid.

Animal charcoal is used extensively for clarifying and
decolorizing liquids, especially crude sugar solutions and
oils.

219. Lamp-black.—When oil or gas is burned in an in-
sufficient supply of air, soot or lamp-black is formed. In
making lamp-black commercially the carbon is deposited
on the cool surface of a revolving disc and then scraped off -
into bags.
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Lamp-black is a velvety powder; it is used as a pigment,
in making printer’s ink, India ink, and shoe polish.

220. Graphite.—Graphite is a crystalline variety of
carbon. It is soft, friable, and has a greasy feel. Its
specific weight is 2.25. Graphite is a good conductor of
electricity. Heated in oxygen to a high temperature it
burns forming carbon dioxid. * The best graphite comes
from Ceylon and Siberia although it is found in many other
localities, among which are Austria, Germany, Canada, and
the United States. Artificial graphite is now being made
by heating hard coal or coke in an electric furndce.

Since graphite breaks up into small scales that readily
slide over one another it is used as a lubricant, especially
where the temperature is high enough to decompose oils.
Very finely divided (deflocculated) graphite forms an emul-
sion with water or oil and thus makes an excellent lubricant.
Graphite is sometimes used in smokeless powders to prevent
gun erosion. Hard water does not form so hard a boiler
scale when graphite is introduced into the boiler.

Graphite is used as an electrical conductor in electrotyping
and also for the preparation of electrodes.

Since graphite is very refractory it is used in making
crucibles. For use in making steel the graphite is sometimes
mixed with clay to form the crucible.

Graphite is often called black lead. It is used in making
lead pencils. The hardness of the pencil depends upon the
amount of clay that has been mixed with the graphite.

221, Diamond.—The diamond is also a crystalline form
of carbon. It is the densest form of carbon, its specific
weight being 3.5. It is one of the hardest substances
known. When burned in oxygen it forms nothing but car-
bon dioxid, hence it is composed of pure carbon.

The value of the diamond as a gem depends upon its
color and its high index of refraction, which is nearly 2.5.
It is so cut that its brilliance will be increased by the play
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of colors from numerous facets. Low-grade diamonds are
used for cutting very hard materials. The black diamond is
used-extensively by mining prospectors. The diamond drill
is fitted with a steel shoe set with black diamonds. In
prospecting for ores, this drill cuts out a solid core which is -
brought to the surface for examination. The carat is the
weight unit used in the sale of diamonds. It is equal to
200 milligrams.

222. The Electric Furnace.—In its simplest form the
electric furnace consists of two carbon rods mounted in a
block of refractory material (see Fig. 71). The carbon

Fi1a. 71.—A simple electric furnace.

electrodes are brought together momentarily. At the point
of contact the heat developed volatilizes the carbon, its
vapor conducting the current as the rods are slightly
separated. The temperature is exceedingly high, estimated
at 3500°C. A large number of chemical reactions occur at
this temperature that can not be brought about in any other
way. The changing of hard coal into graphite when heated
in the electric furnace has already been mentioned. Carbon
disulfid is another compound we have studied that is made
in an electric furnace. Calcium carbid is made by heating
a mixture of quick-lime and coke in the electric furnace,

1
Ca0 + 3C——CaC; + CO.
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Carborundum, C8i, is another product of ‘the electric
furnace; it is made from sand and coke.

Moissan succeeded in preparing artificial diamonds by the
use of an electric furnace. By dissolving carbon in molten
iron in an electric furnace and then cooling the surface
quickly the shrinkage produces enormous pressure. Under
such pressure the carbon crystallizes from its solution to
form minute diamonds. The process is of no commercial
value.

SUMMARY

Carbon is present in the air in the form of carbon dioxid;
it occurs in all organic matter, both plant and animal.

Carbon exists in three allotropic forms: amorphous
carbon, graphite, and the diamond. .

Charcoal, coke, gas carbon, bone-black, and lamp-black
are all varieties of amorphous carbon.

Charcoal is prepared by the destructive distillation of
wood, bone-black by the destructive distillation of bones,
and coke by the destructive distillation of soft coal.

At the ordinary temperature all forms of carbon are inert;
at higher temperatures they unite with oxygen to form car-
bon monoxid or the dioxid.

Carbon absorbs gases readily and hence deodorizes
solutions; it also decolorizes certain solutions. Since it is
insoluble in ordinary solvents it makes a good pigment,
being used for paints or lacquers and for inks.

The electric furnace has recently come into quite extensive
use for producing very high temperatures. It is used for
making artificial graphite, calcium carbid, and carborundum.

QUESTIONS AND PROBLEMS

1. Why is it so difficult to remove stains made by printer’s ink ?

2. Why is carbon one of the most important elements?

8. Bags of charcoal are often attached to water faucets. How
may these become a source of danger rather than a protection?
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4. What properties has graphite that make it useful for stove
polishes? .

6. Why does a kerosene lamp often burn with a smoky flame?
Suggest at least two remedies.”

8. Is the name ‘““lead pencil” a good one? Give a reason for
your answer.

7. How many pounds of air will be required for the complete
combustion of 1 ton of 98 per cent. charcoal?

8. Name as many products as you can that are made in the
electric furnace.

9. Why are the ends of telegraph poles often charred before
being put in the ground?

Topics for Reference.—Electrical industries at Niagara Falls,
Moissan. Diamond cutting. Famous diamonds.



CHAPTER XXIV

OXIDS OF CARBON—ILLUMINATING AND FUEL
GASES

CARBON DIOXID

228. Occurrence.—Carbon dioxid is found in the air,
gince it is exhaled by animals. It is also a product of all
ordinary combustion; and it is often formed when plant and
animal bodies decay.

224. Preparation.—There are several ways in which
carbon dioxid may be prepared.

1. Burning Carbon.—When any one of the forms of
carbon or any carbonaceous material burns, carbon dioxid
is one of the products. When this method is used the gas
is impure, being mixed with the constituents of the air
and other products of combustion.

2. Heating - Carbonates.—When calcium carbonate is
heated it decomposes as follows:

J
CaCO; — Ca0 + COs,.
With the exception of the carbonates of sodium and po-
tassium, this decomposition is characteristic of carbonates.
3. Action of Acids on Carbonates.—Since carbonic acid
is a very weak acid, nearly all acids will decompose its
salts readily.
CaCO; + 2HC]l — CaCl; + H.COs
> 1
H.0 + CO..
NaaC()s -+ HSSO4 g NazS()4 + HzCOa T
N
H:0 + COs.
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The carbonic acid that is formed breaks up into water
and carbon dioxid. The gas may be collected by water
displacement, or by downward air displacement.

225. Properties, Physical.—Carbon dioxid is a colorless
gas with a slight odor and taste. It is about 134 times as
heavy as air, and frequently collects at the bottom of wells,
mines, and caves. Before entering dry wells workmen
often lower a lighted candle to see- whether sufficient carbon
dioxid is present to extinguish the flame. If the gas is
present it is bailed out with buckets before the workmen
enter. It is not poisonous, but animals die in it from
suffocation. It is soluble in water. The gas may be rather
easily liquefied; liquid carbon dioxid is put on the market
in steel cylinders.

226. Properties, Chemical.—Carbon dioxid is a stable
compound. It neither burns nor supports combustion,
although such metals as burning sodium or magnesium
decompose it and continue to burn by uniting with the
oxygen abstracted from the carbon dioxid.

It is the anhydrid of carbonic acid. This acid is very
weak and exists in water solution only.

H.0 + CO; = H:CO;.
Carbon dioxid interacts with the solutions of bases to
form carbonates.
2NaOH + COz —»NagCO. + H,O.

If we use calcium hydroxid (lime-water) the calcium car-
bonate forms a white precipitate. This reaction,

Ca(OH), + CO: "’C&CO; + Hzo,

forms a test for carbon dioxid. In a similar manner car-
bon dioxid unites with the oxids of some metals to form
carbonates.

227. Uses of Carbon Dioxid.—1. Fire Extinguishers.—One
type of fire extinguisher generates carbon dioxid rapidly
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by the action of sulfuric acid on sodium. bi-carbonate (see
Fig. 72). The pressure of the gas forces a stream of water
and carbon dioxid bubbles into the fire.

2. Carbonated Beverages.—Certain mineral waters are
made effervescent by charging them with carbon dioxid
under pressure. Effervescence occurs when the bottle is
opened. Soda fountains are charged
with carbon dioxid. in the same manner.
Since carbon dioxid is produced when
sugar ferments, such beverages as cham-
pagne are charged with carbon dioxid
during fermentation.

3. As a Leavening Agent.—Yeast
causes sugar to ferment and carbon
dioxid is liberated. As the bubbles of
E—— Saco——_]|| &as become entangled in the plastic
p——-sonoN ———|| dough they cause it to rise not only
while they are being set free but also
when they are heated during the baking.

There are several ways of liberating
the carbon dioxid. Baking soda is a
carbonate. @~ The carbon dioxid is
evolved when soda is treated with sour

Fie. 72.—Carbon  milk, molasses, or cream of tartar.
glig:]il‘ir‘ fire extin-  Bgking powders contain soda, starch,

and some acid or acid salt. The starch
keeps the powder dry, while the soda furnishes the carbon
dioxid. The compound used to set the carbon dioxid free
varies with the kind of baking powder. Some use tartaric
acid and cream of tartar; others use calcium acid phos-
phate; while a third type of powder uses alum. The alum
‘hydrolyzes and acts like an acid.
. 4. As a Plant Food.—The use of carbon dioxid by plants
in the manufacture of starch has already been discussed.
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CARBON MONOXID

228, Preparation.—1. Burning Carbon in an Insuffi-
" cient Supply of Air—We have seen that carbon dioxid
is formed when carbon burns in air or oxygen; if there is not.
enough oxygen, however, the combustion is incomplete
and carbon monoxid is formed:

) 1
2C 4+ 0, —2CO.

2. Reduction of Carbon Dioxid.—When carbon dioxid
comes into contact with white hot carbon it is reduced as
follows:

T
CO; + C—2CO.

Both these methods of preparing carbon monoxid are
used on a large scale in the extraction of metals from their
ores. )

3. Decomposition of Ozalic Aeid (Usual Laboratory
Method).—When oxalic acid, (COOH),, is heated with
sulfuric acid it breaks up as shown below:

CO|OH
COO/H

The sulfuric acid dehydrates the oxalic acid which then
splits up into carbon dioxid and carbon monoxid. This
mixture may be separated by bubbling the gases through a
solution of a base such as the hydroxid of sodium or calcium;
the carbon dioxid unites with the base while the monoxid is
unaffected and may be collected by water displacement:

T T
HngOg"’ Hzo + CO + COg

229. Physical Properties.—Carbon monoxid is a color-
less, odorless, tasteless gas. It'is slightly lighter than
air, having the same density as nitrogen. Carbon monoxid
is very slightly soluble in water.

14
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230. Chemical Properties.—Carbon monoxid burns with
a blue flame. The burning gas from hard coal consists
largely of carbon monoxid. It is very poisondus since it
unites with the red blood cells and makes them unable
to carry oxygen. As small an amount as 0.1 per cent. is
dangerous to life, and rapidly produces fatal results. It
finds its way into the air when coal burns in a limited
amount of air; it is also one of the waste products from a
gas engine. It is very dangerous to work about an auto-
mobile when the motor is running unless there is a good
current of air to carry away the exhaust gases. The most
important chemical property of carbon monoxid is its action
as a reducing agent.

231. Uses.—Carbon monoxid has two very important
uses: (1) As a reducing agent; (2) as a fuel.

In extracting metals from their ores the coke, charcoal,
or coal forms carbon mopoxid. The monoxid unites with
the oxygen of the ore to form carbon dioxid and the metal.
" With copper oxid the reaction is as follows:

T
CuO + CO—Cu + CO,.

Unless the carbon monoxid that forms in the burning of
hard coal is oxidized, more than half the fuel value is
wasted. Carbon monoxid is present to some extent in
coal gas and it forms one of the chief constituents of water
gas and producer gas.

FUEL GASES AND ILLUMINATING GASES

232. Coal Gas.—Coal gas is made by heating soft coal in
retorts. The retorts, R, are usually arranged one above the
other to economize fuel. Fig. 73 shows the arrangement of
a plant for making coal gas. From the retorts the gas
passes through a dip-pipe into the hydraulic main, H; next
it goes to the condenser, C, where it is cooled considerably
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and the tar and amiaonia partially removed. An exhauster,
E, keeps the gas moving in the proper direction and
regulates the pressure in the retorts. In the scrubbers,
S, the traces of tar are mechanically removed and the gas
thoroughly washed by a spray of water. In the purifiers,
P, layers of lime or iron oxid, or sometimes both, are used
* to remove sulfur compounds and carbon dioxid. The
purified gas then passes to a storage tank, T.

From a ton of good gas coal about 10,000 cu. ft. of gas,
'1200 to 1400 Ibs. of coke, 120 Ibs. of coal tar, and 20 gal. of
ammoniacal liquor are obtained. The constituents of the .
gas are shown in the table following gases.

233. Water Gas.—When steam comes into contact with
white hot coke or hard coal, hydrogen and carbon monoxxd
are formed. 1

T
C + H;0 > CO + H..

BLOWER AR BLAST
F1a. 74.—Diagram of a plant for making water gas.

Water gas is made commercially by forcing a blast of
hot air through coal or coke until it is heated white hot.
" The air blast is then shut off and steam passed through the -
coke to form the hydrogen and carbon monoxid. Air and
steam are then used alternately. Since both hydrogen and
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carbon monoxid burn with little color, the water gas must
be enriched if it is to be used for illuminating purposes. As
the water gas comes from the generator, G, Fig. 74, it enters
the carburetor, C. Here a spray of oils containing hydro-
carbons is introduced. The mixture of these oils with the
gas then enters the superheater, S, which blends them so-
the oils do not condense to a liquid when the gas.is stored.
Probably some of the oils in passing through the super-
heater are ‘“cracked’” or broken up into simpler, more. .

. gaseous, molecules. After passing through the lime puri-
fiers, P, the gas goes to the storage tank.

Water gas has a high heat value. When enriched it
forms a good illuminating gas. The high percentage of
poisonous carbon monoxid forms the chief objection ‘to its
use. The impurities consist of ammonia, hydrogen sulfid,
and carbon dioxid, the same as those found in coal gas.

234. Producer Gas.—A very cheap fuel gas is made by
forcing a blast of hot air through hard coal or coke. Al-
though it contains about 60 per cent. nitrogen, yet it burns
with a very hot flame. Large quantities of producer gas
are used in making steel, glass, pottery, ete.

236. Oil Gas.—1. Pintsch Gas.—In this process the less
volatile portions of crude oil are heated to a high tempera-
ture, about 1000°C., to “crack” the molecules and form
permanent gases. Pintsch gas is compressed and sold in
steel containers. It is used to some extent for lighting
railway coaches..

2. Blaugas is also an oil gas. In this process the oil is
not heated over 550° to 600°C. in order to avoid * cracking”’
the molecules. After the gas is washed and purified in the
usual manner, it is subjected to a pressure of nearly 100
atmospheres. Under this high pressure some of the hydro-
carbons liquefy; others that are more gaseous remain
dissolved in the liquid hydrocarbons as long as the high
pressure is maintained. These liquid hydrocarbons are
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delivered to the consumer compressed in strong steel cylin-
ders. When the valve, V, is opened the hydrocarbons
vaporize and enter an expansion tank which is placed under-

Fia. 75.—Blaugas cylinders. Pipe at right leads to underground ex-
pansion tank.

ground as shown in Fig. 75. In this expansion tank the
gas is under a pressure of about 50 lb. to the square inch.
Before it is delivered to the burners it passes through a
second reducing valve, X, to lower the pressure to about
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14 1b. per square inch. Blaugas gives a luminous flame.
It has a high heat value, and its explosive range is lower
than that of most gases.

It is especially suitable for use in rural districts where
connection with the city gas supply is impracticable.

236. Acetylene.—Acetylene is prepared by the interac-
tion of water and calcium carbid.

T
Ca,Cg + 2H20 band Csz + Ca(OH)z.

F1a. 76.—Welding with oxy-acetylene blow-pipe. A completed weld
shown at the right.

Acetylene generators of sufficient size to supply dwelling
houses and stores are now manufactured. The carbid is
dropped into the water with sufficient rapidity to secure a
steady evolution of the gas. Acetylene is a colorless gas
with a peculiar odor. Unless a special burner is used it
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burns with a smoky flame. With the burner of Fig. 31
an intense white flame similar to sunlight is produced.
Since the formation of acetylene is an endothermic re-
action, more heat can be produced by burning acetylene
than is yielded by the combustion of an equal weight of the
elements of which it is composed. Not only the heat
formed by oxidizing the carbon and hydrogen, but also the
heat liberated by decomposing the gas, is available when it

Fig. 77.—Cutting steel with the oxy-acetylene blow-pipe. Portable
outfit shown in the foreground.

burns. The hottest flame that can be produced is made
by using the oxy-acetylene blowpipe, a temperature of
2700°C. to 3500°C. being produced. This blowpipe is used
for welding, Fig. 76, and for cutting wrought-iron and steel
plates or scrap of any kind (Fig. 77). The tip of the flame
is 80 hot that when it is drawn over the metal, it melts
and burns the material in its path. It has been used by
divers in cutting up submerged wrecks.
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Since heat is absorbed when acetylene is formed, the gas
may explode without oxygen. This may occur only when
the gas is compressed. Acetylene also forms acetylids with
metals, especially copper, which are explosive.

Prest-O-lite, used so extensively in lighting automobiles,
consists of a solution of acetylene in acetone.

The tank is filled with asbestos which is
soaked with acetone and the acetylene is then
forced in under pressure (Fig. 78).

237. Explosion of Gases and Explosive
Range.—Every one knows that a mixture of
gasoline vapor and air explodes when ignited.

Kerosene vapor also explodes when mixed
with air, although in an open vessel it burns
quietly. A mixture of 3 per cent. of acety-
lene and 97 per cent. air explodes when
ignited. In fact any mixture of acetylene
and air containing from 3 per cent. to 30 per _ Fie. 78—

. . Prest-O-lite
cent. acetylene is explosive. Thus acetylene tank. (Sec-
has quite a wide explosive range. tional.)

Hydrogen has a wide explosive range, any mixture of
hydrogeh and air containing from 10 to 66 per cent.
of hydrogen exploding violently. The explosion is most
violent when the mixture contains 29 per cent. of hydrogen

Anavysis oF Gases (C. D. JeEnNkins, Mass. State REPORTS)

Coal | Water | water oil

&as (enriched) gas &as
Candle-power............ 17.5 25 { ..... 65
Iluminants............. 5 16.6 | ..... 45
Marshgas.............. 34.5 19.8 1.0 |38.8
Hydrogen............... 49 32.1 52 14.6 Ethane
Carbon monoxid.. .. ..... 7.2 26.1 38
Nitrogen and carbondioxid| 4.3 5.4 9.0 1.1

For determining candle-power 5 cu. ft. of gas are burned per hour.
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~ 238, Cyanogen and Cyanids.—Cyanogen is a colorless
gas that burns with a blue flame. It may be prepared by
heating cyanids, such as mercuric cyanid, Hg(CN),. Its
formula is C;N;. The gas is exceedingly poisonous.

Hydrogen cyanid, HCN, is a volatile liquid boiling
at 26°C. Its water solution is called prussic acid or hydro-
cyanic actd. It is one of the most poisonous substances
known. Its vapor finds some use in destroying insects.
Its most important salts are the cyanids of potassium and
sodium. These compounds find extensive use in extracting
gold from its ores, and in electroplating.

SUMMARY

Carbon dioxid may be prepared by burning carbon,
by heating carbonates, or by the action of an acid on a
carbonate.

Carbon dioxid is a heavy, colorless gas, fairly soluble in
water. Its water solution forms carbonic acid. Carbon
dioxid is stable; it neither burns nor supports combustion.

Carbon dioxid is used: (1) in carbonated waters; (2)
as a leavening agent; (3) as a plant food; (4) to extinguish
fires.

Carbon monoxid is a reduction product of carbon dioxid;
it may be prepared by the incomplete combustion of carbon;
or by heating oxalic acid with sulfuric acid.

It is colorless and odorless; it is intensely poisonous.
Carbon monoxid burns with a blue flame. It is an excellent
reducing agent. _ _

Fuel and illuminating gases are made by the destructive
distillation of soft coal and oil; water gas is made by blowing
steam through hot coke; and acetylene gas by the action
of water on calcium carbid.

At high temperatures nitrogen combines with carbon
to form cyanogen, a very poisonous gas. With hydrogen,
hydrocyanic acid is formed.
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QUESTIONS AND PROBLEMS

1, Can kerosene be substituted for gasoline to be used in gas
engines? Give a reason for your answer.

2. Why should the engine not be left running when a car stands
in & garage?

3. Write the equation for the complete combustion of acetylene.
How many liters of oxygen are needed to combine with 12 liters
of acetylene?

4. How many grams of sodium bi-carbonate, HNaCO;, will be
needed to liberate 10 liters of carbon dioxid?

6. Suppose you were given samples of the following gases:
oxygen, hydrogen, carbon dioxid, carbon monoxid, nitrogen, and
nitrous oxid. How would you identify each?

6. Is it necessary to enrich water gas with oils if it is to be used
for fuel only? If it is to be used for illumination with a Welsbach
mantle?

7. Formic acid has the formula HCOOH. What gas would you
expect to be formed when formic acid is heated with sulfuric acid?

8. Try to find a reason for using hydrochloric acid in preference
to sulfuric acid in preparing carbon dioxid.

9. Devise a test for a carbonate.

10. Why is water gas more dangerous when inhaled than coal
gas?

11, A stick of sodium hydroxid slowly changes to a white
powder when exposed to the air. What change is taking place?

12. When a bottle of lime-water is left unstoppered, a white
ring is formed on the bottle at the surface of the liquid. Explain.
How would you clean such a bottle? .

13. Name the most important reducing agents that we have
studied.



*CHAPTER XXV
. HALOGEN FAMILY

239. The Halogen Family.—Four elements, fluorin,
chlorin, bromin, and iodin comprise this group. Their
chemical properties are very similar and the method of
preparing the elements as well as their acids is analogous.
The word halogen: means salt-producer.

CHLORIN

240. Occurrence.—Chlorin does not occur free in nature.
It is found in chlorids, especially those of sodium and potas-
sium. Magnesium chlorid is also fairly abundant.

241, Preparation.—1. Electrolysis.—Commercially chlo-
rin is prepared by the electrolysis of a solution of sodium
chlorid. The chlorin is set free at the anode, and the
sodium which is liberated at the cathode unites with the
water to form sodium hydroxid. The by-product is sodium
hydroxid. If fused sodium chlorid is electrolyzed, metallic
sodium and chlorin are the products obtained.

2. Ozxidation of Hydrogen Chlorid.—If we treat hydrogen
chlorid with an oxidizing agent, such as manganese dioxid,
MnO., the hydrogen of the acid is oxidized to water, man-
ganese chlorid is formed, and chlorin is liberated. In the
equation,

T
MDOQ + 4HCl] — MnCla + 2H20 + Clg,

we note that the valence of the manganese changes from
4 to 2 during the reaction.
220
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Since hydrogen chlorid is formed by the action of sulfuric
acid on sodium chlorid, ¢hlorin may be prepared by adding
an oxidizing agent to a mixture of these compounds.

- The equation may be written in two steps,

. 1
2NaCl + H,S0, — Na,S0, + 2HCI N
MHOQ + 4HCl e MnClg + 2H20 + Clg,

or it may be combined in one equation as follows:
2Na.Cl + Mn02 + 2H2804 -

1
NazSO4 + MDSO4 + 2H20 + Clz

242, Properties, Physical.—Chlorin is a greenish-yellow
gas about 214 times as heavy as air; it has a very disagree-
able suffocating odor. When inhaled in small quantities
it attacks the mucous membrane of the nose and throat
producing the same effect as a heavy cold. In larger
quantities it produces death. The effects from breathing
chlorin are partially alleviated by inhaling alcohol or
ammonia. Chlorin is fairly soluble in water, imparting
to the solution a pale yellow color.

243. Properties, Chemical.—1. Action with Metals.—If
we sprinkle powdered antimony into a jar of chlorin, the
two elements combine spontaneously to form antimony
tri-chlorid. ' The action is so energetic that heat and light
are evolved. Other metals, such as copper, zinc, iron, and
arsenic, also combine directly with chlorin, especially if
heated slightly. -

2. Action with Hydrogen.—A mixture of hydrogen and
chlorin in direct sunlight explodes violently. These ele-
ments combine more slowly in diffused daylight. Chlorin
does not support ordinary combustion, but if a candle is
lighted and thrust into a jar of chlorin it continues to burn
emitting a smoky flame. The hydrogen of the candle
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wax unites with the chlorin to form hydrogen chlorid and
the carbon is set free. If a strip of filter paper is moistened
with warm turpentine and suspended in chlorin, it bursts
into flame, hydrogen chlorid being formed and the carbon
of the turpentine liberated as a dense black soot.

1
CloHu + 80!2 hd 16HC] + IOC.

Thus we see that chlorin nct only combines directly with
hydrogen to form hydrogen chlorid but it has the ability to -
abstract hydrogen from compounds.

3. Action with Water—When chlorin water stands in
sunlight the chlorin gradually takes the hydrogen from the
water to form hydrogen chlorid and oxygen is liberated.

)
H,0 + Cl, — 2HCI + (0).

F1a. 79.—Bleaching effect of chlorin.

The nascent oxygen which is liberated by tkis decompo--.
sition of the water attacks coloring matter oxidizing it to
form colorless compounds. Thus chlorin acts as a bleaching
agent. Since a substance must be wet to be bleached by
chlorin it is quite evident that the bleaching action depends
upon the nascent oxygen and is an oxidizing process. In
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the laboratory chlorin water is sometimes used as an oxidiz-
ing agent. Some dyes are not affected by chlorin but the
natural yellow color of fibers is readily destroyed (see Fig.
79).

244. Uses of Chlorin.—1. Asa Bleaching Agent.—For use
in bleaching, chlorin is usually obtained from bleaching
powder or chlorid of lime. This compound is prepared by
passing chlorin gas into calcium hydroxid.

C&(OH)Q + 013 b d C&OCI; + HQO.

No definite formula can be given to this compound but‘ it
appears to be a salt of hydrochloric and hypochlorous aclc!s
closely corresponding to the formula CaOCl,. Chlorin is

b a b a [ w DRYING ROLLS

'F1a. 80.—Commercial method of bleaching cotton goods.

easily liquefied and is sometimes transported in metal
cylinders. In a new bleaching process an electric current-is
passed through a solution of sodium chlorid, the article to
be bleached being attached to the anode.

Fig. 80 shows a common method used in bleaching cotton’
goods. ' To remove the wax from fibers that are to be
bleached, a preliminary treatment is necessary. This
consists in boiling the cloth with very dilute caustic soda
or with sodium carbonate. From the roll, B, the goods are
- drawn through a vat, b, containing bleaching powder and
water; they then go into a sulfuric acid vat, a, where hypo-
chlorous acid, HCIO, is liberated by the action of the acid
on the bleaching powder, as in the following equation:

- CaOCl, + H,S80, — CaS0, + HCI + HCIO.
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As the HCIO decomposes nascent oxygen is set free,
acting as the bleaching agent. The cotton strip then
passes through a second vat containing bleaching powder
and then a second acid vat. Since any excess chlorin
slowly destroys the fiber, an antichlor is used in vat ¢ to
remove the last traces of chlorin. The strip is then washed,
ironed, and re-rolled.

2. As a Disinfectant.—Since moist chlorin is a good oxi-
dizing agent in the presence of organic matter, bacteria are
readily destroyed by it. Large quantities of ‘‘chlorid of
lime” are used as a disinfectant. Large quantities of
liquid chlorin are used for purifying city water supplies.

3. For Chlorin Compounds.—Large quantities of chlorin
are used in making chlerin compounds. Carbon tetra-
chlorid is an example. This compound is used largely as a
cleansing agent and for extinguishing fires.

4. In Warfare.—Chlorin has been extensively used in
modern warfare as a poisonous gas. Since it is so much
heavier than air it may be carried to considerable distances
by the wind, without rising far from the earth’s surface.
Masks containing ordinary ‘‘hype’’ are quite.efficient in
destroying the gas, so soldiers employed in the trenches are
equipped with such a mask covering the nose and mouth.

HYDROGEN CHLORID

245. Preparation.—Hydrogen chlorid is prepafed by the
action of sulfuric acid on sodium chlorid.

)
2NaCl + Hs80, — Na,SO, + 2HCL

The gas may be collected by the downward displacement
of air or by dissolving it in water.

246. Properties, Physical.—Hydrogen chlorid is a color-
less gas with a sharp, penetrating odor. It is heavier than
air and dissolves readily in water, 1 volume of water
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absorbing about 500 volumes of the gas at standard con-
ditions. The gas fumes strongly in moist air.

247. Chemical Properties.—1. Stability.—Hydrogen chlo-
rid is a stable compound. It neither burns nor supports
combustion, although some oxidizing agents attack it
forming water and liberating chlorin. A

2. As an Acid—In water solution hydrogen chlorid
forms hydrochloric acid. Concentrated hydrochloric acid
contains about 38 per cent. of the gas by weight. If the
solution is boiled hydrogen chlorid escapes until the solu-
tion contains only 20 per cent. of gas by weight; but when
a more dilute solution is boiled water is given off and the’
solution becomes more concentrated until a 20 per cent.
solution is formed. A 20 per cent. solution of hydrogen
chlorid in water boils at 120°C. and its strength remains
constant. Hydrochloric acid is one of the strongest acids
known. Itinteracts with metals, oxids of metals, and bases
to form chlorids.

248. Uses.—Hydrochloric acid is used in preparing
chlorids, in making chlorin for the preparation of bleaching
powder, and in cleaning metals.

249, Aqua Regia.—If we mix nitric acid and hydrochloric
acid, agua regia is formed. Such metals as gold and plati-
num, which are not affected by ordinary acids, dissolve in
this mixture. The chemical action is due to nascent
chlorin. Nitric acid is a strong oxidizing agent, oxidizing
the hydrochloric acid and liberating the chlorin. Since it
is the chlorin thus set free in the nascent state that attacks
the metals, chlorids are formed by dissolving metals in
aqua regia. The most common proportion consists of 1
part of nitric acid to 3 parts of hydrochloric acid, although
other propertions are often used.

260. Chlorids.—The chlorids form an important class
of salts, since chlorids of all metals are known as well as the

chlorids of many non-metals. In general chlorids are crys-
15
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talline solids. All common chlorids are water soluble
except the chlorids of lead, silver, and mercurous mercury.
261. Oxygen Acids of Chlorin.—Chlorin forms several
acids containing oxygen. All were mentioned as illustra-
tions of the method of naming acids. The acids themselves
are quite unstable and unimportant but some of them form
important salts, especially the chlorates and hypochlorites.

BROMIN

262. Occurrence.—Several bromids are found in nature,
‘the most abundant being bromids of sodium and magne-
sium. The chief source of bromin is the ‘“mother liquor”
from salt wells after the salt has been extracted. Bromids
are also found in the deposits at Stassfurt, Germany.

263. Preparation.—The method of preparing bromin is
analogous to that of making chlorin. A bromid is treated
with sulfuric acid and the hydrogen bromid formed is
oxidized with manganese dioxid.

1
2KBr + H,S0, — K,S0, 4+ 2HBr.
4HBr + MIIOz - MnBl'z + 2H20 + Bl‘z.

As in the case of chlorin the equations may be com-
bined as follows:

T
2KBr + MDOQ + 2HzSO4—’MnSO4 + KzSO4 + 2H20 + Bl‘z.
Commercially bromin is often prepared by decomposing
bromids with chlorin:
T
MgBl‘g + Clz band MgClz + Bl‘g.

264. Physical Properties.—Bromin is a dark red liquid
about three times as heavy as water. It is quite volatile;
its vapor has a very disagreeable odor and it irritates the -
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eyes and throat. If the liquid comes into contact with the
gkin it produces frightful burns. Bromin is moderately
soluble in water forming a reddish-brown solution.

256. Chemical Properties.—Bromin resembles chlorin
in its chemical properties although it is less active. It
unites with metals to form bromids. With hydrogen it
forms hydrogen bromid. It is also a bleaching agent and
its water solution is an oxidizing agent.

266. Uses of Bromin.—Bromin finds considerable use in
making organic compounds, especially dye-stuffs. Sodium
and potassium bromids are used in medicine as sedatives.
Silver bromid is used extensively in photography. _

267. Hydrogen Bromid.—Hydrogen bromid may be
prepared by treating a bromid with sulfuric acid:

T
2KBr + HsS0, — K\SO; + 2HBr.

Since hydrogen bromid is more unstable than hydrogen
chlorid it is partially oxidized by the sulfuric acid. Thus
some brorhin is set free. Pure hydrogen bromid is prepared
by the action of water on phosphorus tri-bromid:

1.
PBr; + 3H30 b 4 HaPOa + 3HBI‘

Hydrogen bromid is very similar to hydrogen chlorid in
all its properties although it is less stable. It dissolves
readily in water to form hydrobromic acid. The solution
acts as a strong acid, forming bromids.

IODIN

2568. Source.—Iodin was formerly obtained almost en-
tirely from the ash left after burning kelp or sea-weeds.
The chief source now is the nitrate beds of Chile.

259. Preparation.—Iodin is prepared in a manner analo-
gous to that of obtaining chlorin and bromin. An iodid is
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treated with sulfuric acid in the presence of an oxidizing
agent:

T
2K1 + MnO:; + 2Hs80, — K80, + MnSO, + 2H;0 + I,.

260. Physical Properties.—Iodin is a steel-gray, crystal-
line solid. When heated it sublimes, or vaporizes, without
first liquefying. Its vapor which is violet in color has an
irritating odor, somewhat resembling that of chlorin.
Todin is very slightly soluble in water. It dissolves readily
in alcohol, forming the tincture of todin. In an aqueous
solution of potassium iodid it is very soluble and it dissolves
very readily in carbon disulfid, giving a beautiful violet or
purple solution.

261. Chemical Properties.—1f we put a crystal of iodin
on a piece of phosphorus the two elements combine spon-
taneously giving off heat and light. 1t also combines
readily with other elements but it is less active than chlorin
or bromin. With starch iodin combines to form a com-
pound having a characteristic blue color; the reaction serves
as a test for either starch or iodin.

262. Uses of Iodin.—Iodin is used in medicine, in photog-
raphy, and for making dye-stuffs. The tincture of iodin
is used as a counter-irritant to reduce swellings. Large
quantities are now used to disinfect wounds.

263. Hydrogen iodid may be formed by the action of
sulfuric acid on potassium iodid, but since it is less stable
than hydrogen bromid it reduces a part of the sulfuric
acid to hydrogen sulfid and some free iodin is liberated.
The pure gas may be prepared by the action of water on
phosphorous iodid:

1
PI; + 3H,0 — H;PO; + 3HI

It is a colorless gas very similar in its properties to hydro- .
gen chlorid except that it is less stable. It dissolves in
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water forming hydriodic actd; this solution hasall the charac-
teristic properties of a strong acid, attacking metals, metallic
oxids, and bases to form ‘odids.

FLUORIN

264. Fluorin.—Fluorin is the most active element known,
combining readily with practically all the elements except
oxygen. It resembles chlorin in its physical properties,
but it is more active chemically. Fluorin combines explo-
sively with hydrogen even in the dark. It attacks nearly
all metals, gold and platinum slowly. It can not be pre-
pared by oxidizing hydrogen fluorid, analogous to the prepa-
ration of the other halogens; the only method used for
preparing the element is the electrolysis of a fluorid, usually
potassium acid fluorid, KHF,.

266. Hydrogen fluorid is prepared by the action of
sulfuric acid on calcium fluorid.

T
Can + HgSO( b 03804 + HgFQ

Like the other halogen compounds with hydrogen, it is
a colorless gas that fumes strongly in moist air. It dis-
solves in water forming hydrofluoric acid. This acid is
very corrosive, causing painful sores that heal very slowly.
The vapor is very dangerous if inhaled. Hydrofluoric
acid attacks most ordinary substances, wax, lead, and
platinum being the most common exceptions. At the
ordinary temperature the molecular weight of the gas is
40, showing that its formula is H.F,;. At somewhat
higher temperatures its molecular weight is only 20, corre-
sponding to the formula HF.

The chief use of hydrofluoric acid is for etching glass. -
The glass is first covered with paraffin or wax; the paraffin
is then removed with a sharp stylus from the part to be
etched. This prepared glass is then exposed to the gas,
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hydrogen fluorid, or covered with a solution of hydro-
fluoric acid (see Fig. 81) until the etching is of the required
depth. The excess acid is then washed off and the paraffin
removed. If a solution is used the etching is smooth and
transparent; if the gas is used it will be more or less rough
and translucent.

Fig. 81.—The word *chemistry’ was etched with the gas hydrogen
fluorid; the other words with a solution of the gas.

266. Relative Stability of the Halogen Compounds.—A
study of the halogen compounds shows that the compounds
of fluorin are the most stable; chlorin compounds are next
in stability, followed by those of bromin; iodin compounds
are least stable. These facts seem obvious if we consider
the relative activity of the different elements. The heat
of formation also varies as the following heat equations show.
The amount of heat liberated is for the formation of 1 mole
of the hydrogen compounds:

H+ F — HF plus 37,600 calories.
H + Cl— HCI plus 22,000 calories.
H + Br — HBr plus 8,400 calories.
H+ I—HI minus 6,100 calories.
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In the preparation of hydrogen iodid at the ordinary tem-
perature heat is absorbed, or the reaction is endothermiec.

The fact that one halogen can replace another is also of
interest as related to stability. If we add chlorin- water
to a solution of a bromid, the chlorin takes the place of the
bromin as shown by the equation:

2KBr + Cl; — 2KCl + Br;.

We have seen that this reaction is of importance in the
commercial preparation of bromin. In a similar manner
chlorin replaces iodin; and bromin replaces iodin:

2KI + Cl, — 2KCl + I,.
2KI + Br; — 2KBr + 1.

These reactions are exactly what we might expect from the
heat equations shown above. The last reaction may be
strikingly shown by making use of the greater solubility
of both bromin and iodin in carbon disulfid as compared to
water. The student should also bear in mind the fact that
both bromin and iodin must be free to color carbon disulfid.

If we add to a water solution of potassium iodid a few
drops of carbon disulfid and shake thoroughly, neither the
water layer nor the carbon disulfid will be colored since
combined iodin does not color its solutions. Now if
we add a little bromin water and again shake the solution
the carbon disulfid will be colored purple showing that the
bromin has combined with the potassium and set free the
iodin as represented in the equation above. Had the
bromin remained free and dissolved in the disulfid a reddish-
brown color would have been produced.

SUMMARY

Fluorin, chlorin, bromin, and iodin comprise the halogen

group. _
With the exception of fluorin, which is prepared by elec-
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trolysis, the halogens are all prepared by oxidizing the

hydrogen acids of the respective elements.
The hydrogen acids of the halogens may be prepared by

treating a salt of the acid required with sulfuric acid.

Properties Fluorin Chlorin Bromin Iodin

Atomic weight........... 19 35.5 80 127
State................... gas gas liquid solid
Principal valence......... 1 1 1 1
Boiling point ............ —187°C. | —34°C. | 59°C. 184°C. -
Activity................ most less  still less least -
Formula of hydrogen acid. HF HCl1 HBr HI
Stability of hydrogen acid. most less | still less | least
Heat of formation of hy-

drogen acid............ 37,600 22,000 | 8,400 | —6,100
Replacement............ replaces Cl, | replaces | replaces

Br,and I |BrandI| iodin

QUESTIONS AND PROBLEMS

1. Balance and complete the following equations:

Cu+Cl—
As+ Cl—
- Zn 4 Cl —

2. Compare the chemical action of chlorin, sulfur dioxid, ozone,
and hydrogen peroxid as bleaching agents.

8. Can you see any advantage in having the bleaching powder
and the sulfuric acid in separate vats in bleacheries?

4. Give two reasons why nitric acid is not suitable for use in
making hydrogen chlorid. '

6. How would you-test for free iodin? For combined iodin?

6. How many grams of chlorin are needed to displace the bro-
min in 100 grams of potassium bromid?

7. Why do solutions of hydrogen iodid become dark-colored on
standing?

8. Why should chlorin water be kept in dark-colored bottles or
in a dark place?
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9. From the source used in obtaining bromin what do you
judge concerning the relative solubility of chlorids and bromids?

10. Why is hydrofluoric acid put on the market in wax bottles?

11. How would you test for the presence of a fluorid, a chlorid,
a bromid, and an iodid? )

12. What does the term ‘““‘aqua regia’”’ mean and why is a mix-
ture of nitric and hydrochloric acids given this name?

13. How many grams of sodium chlorid are needed to prepare
40 grams of hydrogen chlorid? To prepare 40 liters of hydrogen
chlorid? To saturate 1 liter of water at standard conditions?

Topics for Reference.—Moissan’s work in preparing fluorin.
The history of bromin and iodin.



CHAPTER XXVI
GROUPING OF ELEMENTS—PERIODIC LAW

267. Classification of Elements.—If the student of
chemistry were to take up the study. of each element as an
individual, his task would become increasingly more diffi-
cult. In our study of hydrogen, oxygen, carbon, and nitro-
gen we did not find any marked relation between these
elements. It is true that all are non-metallic, acid-forming
elements. Elements have been classified as metallic and
non-metallic; but there are some elements that are on the
border line, having to some extent the properties of both
the metals and the non-metals. Elements have also been
classified as acid-forming elements and base-forming ele-
ments; but here again the classification is not very satisfac-
tory since some elements may form amphoteric compounds
that act as_either acids or bases.

If we compare oxygen and sulfur we find that, in addi-
tion to being acid-forming elements, they have other
chemical properties in common. Both are very active at
higher temperatures. Both exist in allotropic modifica-
tions. Sulfids and oxids are very much alike in manner
of formation, valence of the negative element, and solubility.

A much more striking resemblance may be noted in the
halogen group of elements. So similar are these elements
that it is possible to predict with reasonable accuracy the
chemical behavior of one of them from the characteristic
properties of the family or group. Attempts to classify
elements show that it is possible to group other elements
into families.

234
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268. Mendelejeff’s Periodic Law.—While many attempts
to classify elements have been made, the work of Mendele-
jeff, a Russian chemist, has been the most successful. He
believed that the chemical properties of elements are
functions of their atomic weights.

Omitting hydrogen, suppose we arrange the elements in
the order of their atomic weights, and examine the first
eight.

He Li Be B C N (o) F
4 7 9 11 12 14 16 19

Helium is an inert element; lithium is metallic, a very
strong base former; beryllium is metallic, a base former;
boron may form a base, although it more often forms a
weak acid; carbon forms a weak acid; nitrogen forms strong
acids; oxygen is characteristically acid; and fluorin is the
most active non-metal known. Thus these eglements form a
series where the base-forming properties decrease and the
tendency to form strong acids increases.

Now let us add to the above list the next eight elements,
placing them in a new series below the first eight.

He Li Be B C N o F
4 7 9 11 12 14 . 16 19

Ne Na Mg Al Si P S Cl
20 23 24 27 28 31 32 35.5

Like helium, neon is inactive; sodium is also a strong
base former resembling lithium; magnesium is similar to
‘beryllium; aluminum is like boron; like carbon, silicon is a
weak acid-forming element; phosphorus resembles nitrogen
in its chemical properties; sulfur is like oxygen chemically;
and chlorin is very active like fluorin.

By arranging all the elements in the order of their atomic
weights Mendelejeff discovered that the properties of the
elements recur at regular intervals. He therefore con-
cluded that the properties of elements are periodic functions
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Dimitri Ivanovitch Men-
delejeff (1834-1907) was a
| Russian chemist born in

Siberia. = He was Professor
.of Chemistry at the Uni-
versity of St. Petersburg.
His “Elements of Chemis-
try”’ is a standard work and
has been translated into
English, German, and
French. His most import-
ant work was the Periodic
Law which deals with the
classification of elements.

Robert Wilhelm Bunsen
(1811-1899) was a German
chemist. For. nearly forty
years he was professor of
chemistry at the University
of Heidelberg. He was the
inventor of many laboratory
devices, including the Bun-
sen burner, a photometer, a
voltaic cell, a filter pump,
and a thermostat. His most
important work was his dis-
covery, with Kirchhoff, of
spectrum analysis. By this
method elements- are de-
tected, and new ones have
been discovered. Bunsen
discovered caesium and
rubidium.
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of their atomic weights. If we refer to the complete table,
page 236, we find that the recurrence of properties causes
certain families of elements, like the halogens, to fall in the
same group. Thus in group 0 we find all the inactive
elements. In group 1 we find the alkali metals, lithium,
sodium, potassium, caesium, and rubidium. The nitrogen
family, including nitrogen, phosphorus, arsenic, antimony,
and bismuth, is found in group 5.

After the first two series, the period is longer before the
recurrence of properties occurs, eighteen elements compris-
ing the third series. The following series are also made up
of long periods. At the bottom of each group in the
following table, a general formula for the oxids of the ele-
ments comprising that group is given, as well as a general
formula for the hydrids.

269. Two Families in a Group.—In the foregoing table
it will be seen that in the long periods there are two families
in a group, A and B. The elements of family A, lithium,
sodium, potassium, rubidium, and caesium, have properties
similar to each other, but they are less like copper, silver,
or gold, elements of family B in the same group.

270. Value of the Periodic Law.—1. It Simplifies Chem~
istry.—We have already seen that the grouping of elements
into families makes the study of the properties and behavior
of elements less difficult to grasp and retain.

2. It Serves as a Check on Atomic-weight Determinations.—
When the periodic table was first prepared several of the
elements were not properly placed. The suggestion that
this might be due to errors in the atomic-weight determina-
tions seemed plausible. More accurate methods were used,
giving new values for certain atomic weights. Upon the
substitution of these new values many elements then fitted
into their proper places in the table. To illustrate, it
appears that the atomic weight of argon may still be in
error.
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3. In the Prediction of New Elements.—There are several
gaps in the table, which led Mendelejeff to predict the
existence of undiscovered elements, having properties and
atomic weights that make them fit into these gaps. In
fact, within a few years immediately following the an-
nouncement of Mendelejeff’s law several elements were
discovered whose properties and atomic weights are very
nearly in accord with what he had predicted. The remark-
able agreement between the predicted properties of eka-
aluminum and the actual properties of gallium are shown
in the following table:

Predicted Discovered
Atomic weight.............. About 69 69.9
Melting point............... Low - 30.2°
Specific weight.............. 5.9 5.95
Formula of oxid............. X0, Ga;0;
Actionof air................ None Slight, even at red heat

Since this element was discovered in France, it was named
gallium. Mendelejeff also predicted the properties of eka-
boron (scandium) and eka-silicon (germanium) with practi-
cally equal accuracy. Other elements, more recently
discovered, have found places in the table.

SUMMARY

Elements are grouped as metals and non-metals; they
are also classed as acid-forming elements and base-forming
elements.

Mendelejeff arranged the elements in the order of their
atomic weights. He then formulated the law that the
properties of elements are periodic functions of their atomic
weights.
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The periodic law is of value: (1) in classifying elements
and thus simplifying the study of chemistry; (2) it serves
as a check upon the accuracy of atomic-weight determina~
tions; (3) it indicates the presence of undiscovered elements
in the earth’s crust and has on several occasions enabled
accurate predictions to be made concernihg the properties
and atomic weights of elements then undiscovered.

QUESTIONS

1. If an element were discovered having an atomic weight less
than copper and greater than cobalt, what properties would you
expect it to have?

2. Write the formula for the oxid, hydroxid, sulfate, and car-
bonate of strontium.

8. Aluminum hydroxid is insoluble in water. What would you
infer as to the solubility of the hydroxid of scandium?

4. What properties would you expect caesium to have?

* Topic for Reference.—Mendelejeff.

16



CHAPTER XXVII
THE NITROGEN FAMILY

271. Nitrogen Family.—Of the elements comprising the
nitrogen family, five are of sufficient importance to be
quite well known, namely: nitrogen, phosphorus, arsenic,
antimony, and bismuth. Nitrogen has already been studied
The acid-forming properties of the group decrease from
nitrogen to bismuth, nitrogen forming very strong acids,
while antimony and bismuth may act as base-formmg
elements in the presence of strong acids. ‘

PHOSPHORUS

272. Occurrence.—The *most important compounds of
phosphorus found in nature are phosphates of calcium.
The bones and teeth of animals contain calcium phosphate.
This phosphate is present to some extent in all soils; and
extensive areas of rock phosphate are found in Florida,
Tennessee, and South Carolina, phosphorite and apatite
being the most abundant.

273. Preparation.—Phosphorus is now extracted from :
calcium phosphate by heating this compound with sand
and carbon in an electric furnace. Carbon monoxid is
liberated by this reaction and the slag that is formed con-
sists of calcium silicate. The phosphorus is puriﬁed by
distillation.

274. Yellow Phosphorus.—Phosphorus ex1sts in two
important allotropic modifications; the white or yellow,
and the red.

242
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Yellow phosphorus is a waxy, translucent solid not quite
twice as heavy as water. It is nearly colorless or a pale
straw color. It melts at 44°C., but since its kindling tem-
perature is only 35°C., it must be melted under water to
prevent combustion. It is soft enough to be easily cut
with a knife, but it should always be cut under water in
order that the heat from the friction of the knife in cutting
it does not cause it to be enkindled. Yellow phosphorus
should never be touched with the hand since burning phos-
phorus produces wounds that are a long time in healing.
It is very poisonous, even small quantities taken internally
proving fatal. Although insoluble in water, yellow phos-
phorus dissolves readily in carbon disulfid.

Phosphorus oxidizes readily when exposed to the air,
giving off dense white fumes of phosphorus pentoxid,
P;0;. If this oxidation occurs in a dark room a faint glow
or phosphorescence can be seen. To prevent oxidation phos-
phorus is always kept under water. In oxygen phos-
phorus burns with dazzling brilliancy. Heated. to a tem-
perature of 250°C. without access to air, or upon exposure
to sunlight, it changes to red phosphorus.

275. Red Phosphorus.—This allotropic form of phos-
phorus is a dark red, amorphous powder. It is a little more
than twice as heavy as water and insoluble in carbon disulfid.
" Red phosphorus is not poisonous; it does not take fire
when exposed to the air; its kindling temperature is about
250°C., phosphorus pentoxid being formed as it burns.
When heated without access to air to a temperature of

. about 290°C., it sublimes and forms yellow phosphorus
upon condensation.

276. Uses.—Some phosphorus is used as a poison for
destroying rats and other vermin. Small quantities
find use in making special alloys with bronze that are not

- corroded by water. Large quantities of phosphorus are
used in the match industry.
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277. Matches.—The old friction match was tipped with
yellow phosphorus. So many workmen in match factories
contracted a disease producing decay of the jaw-bones from
the inhalation of phosphorus vapors, and 8o many children
were poisoned by sucking the phosphorus from the matches
themselves that a law was passed in 1913 taxing these
matches out of existence (2 cents per 100 matches).

Two types of matches are now in common use: (1) the
friction match; (2) the safety match. In the manufacture
of the first type the stick is now dipped into molten paraffin,
or in a few cases into sulfur, and then into a paste that has
three constituents: (1) phosphorus sesquisulfid (PS;);
(2) an oxidizing agent; (3) some binding material such as
glue.

The head of the ordinary safety match consists of anti-
mony trisulfid, SbsS;, some oxidizing agent such as potassium
chlorate, and glue. The box is covered with a layer of red
phosphorus, powdered glass, and glue. Such matches do
not readily ignite except by rubbing them on this prepara-
tion on the box. The wood is usually impregnated with a
fireproofing material to prevent after-glow. A

278. Phosphine.—By indirect methods phosphorus may
be made to combine with hydrogen to form phosphine,
H;P, a compound analogous to ammonia. Like ammonia
it also unites with another hydrogen atom in forming
phosphonium compounds having the H,P radical.

279. Oxids of Phosphorus.—Two oxids of phosphorus
are known: phosphorous orid, P;0s, is formed when phos-
phorus burns in a limited supply of air; phosphoric oxid,
P;0;, a white solid, is formed when phosphorus burns in
air or oxygen. This oxid has a great affinity for water and
does not combine readily with many gases, hence it is used
extensively for drying gases.

280. Acids of Phosphorus and Their Salts.—Of several
acids of phosphorus, ortho-phosphoric acid, HsPO,, is the
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most important. It may be formed by dissolving phos-
phoric oxid, its anhydrid, in water, but it is usually pre-
pared commercially by the action of sulfuric acid on a
phosphate.

2C&3(P04)3 + 3stO‘ b 3C&SO4 + 2H3P04

Phosphorous acid has the formula HsPOs; its anhydrid is phos-
phorous oxid, P;0s. Pyrophosphorw acid, H,P;01, metaphosphoric
actd, HPOs, and hypophosphorous acid, HzPO,, are all known,

The acids of phosphorus are not used very-extensively,
but some of their salts are very important. Phosphoric
acid forms three classes of salts, it being a #ri-basic acid.
To illustrate, tri-sodium phosphate, NasPO,, di-sodium
phosphate, HNa,PO,, and mono-sodium phosphate,
H,NaPO,, are well-known salts of phosphoric acid. These
phosphates and several of the hypophosphites are used
quite extensively in medicines.

281. Phosphates as Fertilizers.—Plants and animals both
need phosphorus, plants taking phosphorus from the soil,
while animals are dependent upon plants for their supply.
Most soils contain a greater or less supply of phosphorus
in the form of phosphates. By continual cropping the soil
may be deprived of its phosphorus just as we have seen that
a 80il may have its nitrogen compounds removed. For this
reason practically all artificial fertilizers contain phosphates.

These phosphates may be obtained from guano, fish scrap,
ground bome, or as is more often the case, from rock phos-
phates. The phosphate rock is treated with sulfuric acid
to convert insoluble tri-calcium phosphate, Cas(POy)s,
into an acid calcium phosphate, usually H,Ca(PO.),,
which is soluble and can be absorbed by plants. The
reaction is as follows:

Caa(P04)2 + 2HzSO4""P208'SO4 =+ H¢C&(PO4)2.
This mono-calcium phosphate is often called super-phos-



246 THE NITROGEN FAMILY

phate of lime. .The calcium sulfate formed is rather beneficial
to plants.

Generally not enough sulfuric acid is used to convert
all the tri-calcium phosphate into the super-phosphate and
these two compounds then slowly interact to form reverted
calcium phosphate, HyCas(PO,)s, a compound insoluble in
water, but soluble in water containing carbon dioxid or in
certain soil acids. This compound is not available for
immediate use but it is slowly converted into a plant food.

The analysis of an artificial fertilizer should show not only
the amount of phosphorus present equivalent to fotal phos-
phoric acid, but it should show what per cent. is equivalent
to insoluble phosphoric acid, the per cent. equivalent to
soluble phosphoric acid, and the per cent. equivalent to
reverted phosphoric acid.

. ARSENIC

282. Occurrence.—Some arsenic is found uncombined
in nature; it also occurs as the oxid, as sulfids, and in com-
plex sulfids.

283. Preparation and Properties.—Most of the arsenic
is obtained as a by-product from smelters. In roasting
certain sulfid ores the arsenic they contain is oxidized and
condenses in the flues of the smelter. It is removed and
reduced with carbon to metallic arsenic.

Arsenic is a gray solid with a metallic luster. In its
physical properties it resembles the metals, but chemically
it behaves like the non-metal phosphorus, although it is
less active. Heated in the air it unites with oxygen to
form arsenious oxid, As;Os, commonly called white arsenic.
Arsenic unites with nascent hydrogen to form arsine, HsAs,
a very poisonous gas with a garlic-like odor. Use is made
of this reaction in Marsh’s test for arsenic, an exceedingly
delicate and reliable test for this element. It is especially
important since practically all the compounds of arsenic are
very poisonous.
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284. Uses of Arsenic and Its Compounds.—The metal
arsenic is used in hardening shot and in the manufacture
of opal glass. White arsenic is used as an insecticide, espe-
cially by taxidermists. It also finds some use in medicine,
and in the manufacture of certain pigments. Paris green
is a compound containing arsenic and copper; it was at one
time used quite extensively as a pigment. Its chief use
now is as an insecticide. '

Arsenic forms acids exactly analogous to those formed
by phosphorus. Some arsenites and arsenates are quite
important compounds, especially the arsenate of lead,
Pbs(AsOy4)s, large amounts of this compound being used
for spraying trees' to destroy such noxious insects as the
gypsy and brown-tail moths. :

ANTIMONY

286. Occurrence and Properties.—Antimony 6ccu1js free
in nature to some extent, but the sulfid, Sb,S;, commonly
known as stibnite, is more abundant. .

Antimony is a silver white element with a bright metallic
luster; it is quite heavy and very brittle. It is less active
chemically than arsenic, but when heated in the air it forms
the trioxid, SbsO;, a white volatile solid. With nascent
hydrogen it forms stibine, H;Sb, a compound analogous to
arsine. Antimony is not affected by hydrochloric acid, but
it dissolves slowly in aqua regia forming a chlorid. Like
arsenic, it forms a series of weak acids.

The hydroxid of this element is amphoteric, since under
some circumstances it forms an acid and under other circum-
stances it forms a base. To illustrate, its hydroxid may
ionize as in the following equations:

+H++ = +++ =
Sb (OH); + 3H Cl-S8b Cl; + 3HOH
+++ = +++ = 44+ =

H; SbOs 4+ 3Na OH—Na; SbOs 4+ 3HOH.
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Thus we see that in the presence of a strong acid the
hydroxid of antimony acts as a base, while it acts as a
weak acid in the presence of a strong base like sodium
hydroxid. Similar compounds of several elements show
the same characteristics.

If we put antimony tri-chlorid in water, it not only hydro-
lyzes but dehydration occurs and a new type of compound
is formed as represented by the equations:

SbCl; + 2HOH—S8b(0OH),Cl + 2HCI
Sb(0H):Cl1—-8bOCl + H,O0.
!

At first a basic chlorid is formed, but it decomposes
forming the oxy-chlorid, SbOCI, sometlmes called the
sub-chlorid.

286. Alloys.—By melting together two or more metals a
substance, called an alloy, is often formed. In some cases
an alloy appears to be merely a mixture of metals; in other
cases a compound appears to be formed, since the proportion
is definite. Some chemists now regard alloys as solid solu-
tions of metals in one another.

An alloy may have properties quite unlike those of any
of its constituents, or in some cases they may be interme-
diate. Usually the melting point of an alloy is lower than
the average melting point of its constituents and often it is
below that of any one of them.

287. Uses of Antimony.—Antimony is used in preparing
several alloys. Type-metal contains antimony, lead, and
tin; the antimony is especially important since it expands
when it solidifies, and the type is thus made distinct and
clear-cut. Antimony is also used in the non-friction alloy
known as Babbitt’s metal. Britannia metal, an alloy much
used in making tableware, is an alloy of antimony, tin,
copper, and often zine.

The sulfids of antimony are used as pigments. They
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also find use in vulcanizing rubber; red rubber contains
antimony. Tartar emetic is a compound of antimony that
is used quite extensively as a mordant in the dyeing of cotton
goods.

BISMUTH

288. Bismuth.—Bismuth is a heavy metal that resembles
antimony to considerable extent. It has a distinctly red-
dish hue. It is more metallic than antimony and forms
bases more readily.

The chief use of bismuth is in
_the manufacture of the fusible
alloys. Two common ones,

Wood’s metal and Rose’s metal,

melt at temperatures below that

of boiling water. These fusible

alloys are used as safety plugs

in boilers, as fuses in electric

wiring, in fire alarms and auto-

matic sprinkling devices (see gy, 82.—Automatic sprinkler.
Fig. 82), and for automatically .
closing the doors of fireproof safes.

Bismuth acts as a trivalent element in the formation of
most of its compounds. It acts in the same manner as
antimony when its salts are treated with water, hydrolysis
first occurring and then dehydration. Thus the chlorid,
BiCl;, forms an ozy-chlorid or sub-chlorid, BiOCl, when
treated with water. The sub-nitrate, BIONO;, is used in
medicine.

SUMMARY

Of the allotropic forms of phosphorus, the yellow variety
and the red are the most common. Yellow phosphorus is
very active, even at the ordinary temperature. Red
phosphorus is quite inert.
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Phosphorus is used as a poison, in making matches, and
as a constituent of certain alloys.

The phosphates of calcium are important constituents of
commercial fertilizers. )

Arsenic is used for hardening shot; its compounds are
used to some extent in medlclnee, for pigments, and as
insecticides.

Antimony forms several alloys, the following being the
most important: type-metal, Babbitt metal, and Britannia
metal.

Bismuth is used in the manufacture of fusible alloys;
its salts are used for medicine.

The following tabular form shows the rather close re-
lationship between the elements of the nitrogen family.

Nitrogen (Phosphorus| Arsenic | Antimony | Bismuth

Atomic weights...... 14 31 . 75 120 208

Valence............. 3 5 '3 b 3 5 3 5 3 6
In oxids som|e of the ele{ments have|a valence of|1, 2, or 4

—
Hydrids............. HsN HsP HsAs H,8b
Oxids........ooovvtn N:0s P:0s As10s 8b:0s Bi:0s
N:0s P:Os As:Os 8bsOs BisOs
Acids............... ‘ HNOs HaPOs H3As0s HaSbOs

HNOs HaPO4 H3As04 HaSbO4

Very strong|Weak acids|Weak acids|Very ‘weak| Basic
acids acids

QUESTIONS AND PROBLEMS

1. Why have laws been passed in many countries forblddmg the
use of yellow phosphorus for making matches?
2. If a solution of phosphorus in carbon disulfid is poured on a
piece of filter paper, spontaneous combustion takes place as soon
as the disulfid evaporates. Explain.
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8. How does the strength of the acids in this family seem tc
depend upon the atomic weights? How does it appear to vary
with the valence?

4. How could you prepare red phosphorus from the yellow?
How could you prepare yellow phosphorus from the red?

5. Complete the following structural formulas:

.
Na—O—H+ H—0P=0—
H-

Na—O—H H-
Na—o-H+H—85P=o—»
. H -
Na—O—H H-
Na—o—H+-H—85P=o—>
Na—O—-H H-0 ~

8. Why should the analysis of a fertilizer show the per cent. of
each phosphate it contains as well as the total amount?

7. What per cent. of calcium phosphate, Cas(POs),, is phos-
phorus? .

8. Under what circumstances does the hydroxid of antimony act
as a base? When does it act like an acid?

9. How do you account for the fact that antimony and bismuth
occur free in nature while phosphorus never does?

10. Write the formulas for three calcium phosphates. Write
the formula for sodium arsenite.

11. Why is the use of arsenic as a pigment in wall papers
forbidden?



CHAPTER XXVIII
THE CARBON-SILICON GROUP

289. Carbon Group.—The two most important elements
in this family are carbon and silicon. Their chemical
properties are quite similar. Both have a valence of 4;
their oxids and acids are analogous. While carbon is
found free in nature to some extent, silicon is not found
native.

SILICON

290. Occurrence.—Next to oxygen silicon is the most
abundant element. A very large number of silicates are
found, the majority of them being quite complex com-
pounds. A very important compound of silicon is the
dioxid, which is known as stlica. Silicon monoxid is
formed by heating sand with enough coke to remove half
its oxygen. It is a yellowish-brown powder used as a pairnt.

291, Silica.—Silica has the formula SiO,, the compound
being analogous to carbon dioxid. It is found in many
different forms in nature.

1. Sand is the most common form of silica, and it is
also one of the most useful. Large quantities of sand are
used every year in the manufacture of glass. In several
ways it is used as an abrasive. In the manufacture of sand-
paper, a heavy paper is coated with glue and sand is then
sprinkled over the surface. A sand-blast, which is used
for polishing and cutting very hard surfaces, makes use of a
stream of sand driven at a high velocity. Scouring soaps
or powders usually contain powdered soap, washing soda,

252
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and powdered silica, the latter substance being “gritty”
enough to do the scouring work. Sand is also used exten-
gively in making mortar and concrete, while considerable
quantities are used for lsning molds, into which molten iron
is to be poured for making castings. It is especially suit-
able for this purpose since it is infusible and quite easily
removed from the casting after it has solidified.

2. Sandstone differs from sand only in that the particles
are held together by a kind of cement. Sandstone is used as
a building material; it is also sawed into slabs and used for
sidewalks or for making grindstones. .'

3. Quartz is a transparent, crystalline variety of silica.
Quartz crystals are six-sided prisms surmounted at each end
by six-sided pyramids, each crystal having 18 faces (see
plate of crystals). While pure rock crystal is colorless, traces
of impurities impart to it characteristic colors. For
example, amethyst, smoky quartz, rose quartz, and milky
quartz are all well-known varieties of quartz.

Quartz is now melted and fashioned into tubing, cruci-
bles, and other laboratory apparatus (see Fig. 83). Such
apparatus is not as easily acted upon by acids and alkalis
as ordinary glassware; it has so low a coefficient of expan-
sion that it may be heated red hot and then plunged into
cold water without breaking. Quartz is also drawn into
very fine threads to be used as suspension fibers in very
delicate electrical instruments.

4. Amorphous silica includes flint, jasper, chalcedony,
sard, carnelian, onyz, and agate. The last two are made up
" of bands of different color. Fine specimens of both amor-
phous and crystalline silica are used as gems.

5. Silica in Plants and Animals.—Silica is found to
considerable extent in plants, especially in the leaves and
stems, where it appears to give rigidity.

Some one-celled marine animals have skeletons composed
of silica, instead of the ordinary calcium compounds.
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These animals belong to the order infusoria; the diatoms
are examples. Deposits of <nfusorial or diatomaceous
earth, consisting of the microscopic remains of these ani-
mals, cover large areas of the ocean bottom as well as

Fia. 83.—Silica ware.

extensive land areas. We have already learned that dyna-
mite consists of nitro-glycerin absorbed by infusorial
earth. This form of silica is sold as a silver polish under
the name electro-silicon.
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292. Properties of Silica.—Pure silicon dioxid can be
fused only at very high temperatures. It is insoluble
in water and the common acids, with the exception' of
hydrofluoric acid, which acts upon it as follows:

.

‘ T
8103 + 2H2F3 - SiF4 + 2H20.

The silicon, tetra-fluorid that is formed is volatile. Alks-~
lis act upon silica more readily as a rule than the acids.

293. Silicic Acids.—Salts corresponding to several different si-
licic acids are found in nature. Since silicon has a valence of 4,
it may form an acid having the formula H,SiOs. This ortho-
gilicic acid forms, when partially dehydrated, meta-silicic acid.
An acid formed by dehydrating another acid in the same series
is always called a meta acid. Meta-silicic acid is analogous to
carbonic acid; since it has the formula H.SiOs;. Its relation to
ortho-silicic acid is shown by the following equation:

H4Si04 - H,O g HgSiO;.

" Siliéa appears to be the anhydrid of this acid, although
the acid can not be formed by treating silica with water.
The acids of silicon are very weak, unimportant compounds
but some of their salts are very important.

294. Silicates.—The simplest silicates are those of sodium
and potassium. Sodium silicate, NasSiO;, is used as a
filler of soaps, for fireproofing wood, and for making casts
and artificial stone. Both sodium and potassium silicates
are soluble, their solution being sold as water glass. When
eggs are dipped in a solution .of water glass, the pores of
the shell are filled and decomposition does not readily
occur. Thus water glass is used for preserving eggs.

Since theoretically di-silicic and tri-silicic acids may be
formed by dehydrating two or three molecules of ortho-
silicic acid, silicates are usually quite complex. Further-
more, mixed silicates are formed, thus leading to still
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greater complexity. Asbestos, mica, clay, granite, feldspar,

garnets, and pumice stone are common examples of silicates.
295. Carborundum.—We have already learned that

F1g. 84.—Electric furnace for making carborundum.

Fig. 85.—Carborundum abrasives.

carborundum, or silicon carbid, is made by heating sand and
.coke in an electirc furnace. Fig. 84 shows a commercial
electric furnace used to make carborundum. This com-
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pound is a very hard substance and finds extensive use for
grinding and polishing metals. It is made into hones,
* polishing wheels, and carborundum cloth. Fig. 85 shows
specimens of carborundum and the finished wheels.

296. Glass.—(Glass is a mixture of silicates. Ordinary
glassware usually consists of the silicates of sodium and
calcium. Potassium is sometimes substituted for sodium in
some special kinds of glass, and lead or barium for calcium.

F1a. 86.—Diagrams of the various steps in blowing window glass.

In the making of ordinary glass a mixture of sand, sodium
carbonate, and calcium carbonate is heated in a pot of
fire-clay until fusion occurs. The heating is continued until
all the gases are liberated, impurities being removed by
- gkimming. Glass is suited to a wide variety of uses because
of two characteristic properties. It is transparent, and it

does not have a sharp melting point, but it gradually softens
17
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or becomes plastic. Due to its plasticity, it may be rolled,
blown, or pressed into practically any desired shape.

In making window glass the workman introduces into the
furnace one end of a blowpipe about 6 ft. long and rolls it
around until a sufficient amount of glass adheres to it (see
Fig. 86). He then blows a large bubble in this glass and by

: alternately swinging it and blowing
it and then rolling it on a metal
plate fashions it into a large cylin-
der. The ends are then cut off,
the cylinder is cut along one side
and spread out flat (see Fig. 87).
The various steps in blowing glass
are also shown in Fig. 88. Bottles
are blown in molds and then fin-
ished by using a special tool to -
shape the neck and round the edge
(see Fig. 89). Plate glass is made
by pouring the molten glass on a

— table and rolling it with a metal

B or of oning ous ® roller (see Fig. 90). It is then

polished to make it highly trans-

parent. Cut glass is molded and a design is cut by means

of a wheel. After that it is polished by the use of rouge,

or iron oxid. Cheap glass dishes are sometimes made by

pressing the glass into a mold to impart to the dish the

desired design. Fig. 91 shows the method of drawing
glass tubing and rodding.

When glass is cooled quickly it is very brittle, and liable
to break very easily. To make glass less brittle it is
annealed by cooling it slowly. This is accomplished by
drawing the glass through a long oven, heated at one end
and quite cool at the other. The process is a slow one,
requiring in some cases several days.

Since sand usually contains some iron, ordinary glass is
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slightly colored green by this impurity. If we look at the
edge of a pane of ‘window glass this color may be detected.

F1a. 88.—Various steps in glass blowing.

While this color does not interfere in any way with window
glass, yet glass to be used for lenses in optical instruments
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must be free from such coloration. The green color is
neutralized by the addition of manganese dioxid, the prod-
uct being known as crown glass. When potassium is
substituted for the sodium in making glass, the product is

F16. 89.—Lamp bowl blown in mold.

F1a. 90.—Rolling plate glass. (Permission of Scientific American.)

much harder and less easily melted. The hard glass, or
Bohemian glass that is used for certain laboratory purposes
is 8 potassium glass. It is also less readily acted upon by
- alkalis than sodium glass; hence it is sometimes known as
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F1a. 91.—Drawing thermometer tubing.
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“resistance’ glass. - Flint glass contains lead; it is a soft,
lustrous, heavy glass. Itsindex of refraction is considerably
higher than that of ordinary glass, hence it refracts light
more readily, giving a better play of colors. It is used in
making cut glass and to some extent for making imitation
gems.

Glass is colored by the addition of various substances to
the molten mass. The addition of iron compounds pro-
duces a dirty bottle green. If more manganese dioxid is
added than the amount required to neutralize the iron in
making crown glass, an amethyst color is produced. Cobalt
gives a blue color while calcium fluorid makes it white and
translucent. '

SUMMARY

The most important elements in the carbon family are
carbon and silicon.

Silica has the formula SiOz; it occurs in nature as sand,
sandstone, the several varieties of quartz, amorphous
varieties such as flint, agate, and onyx, and to some extent
in plants and animals.

Glass is a mixture of silicates. The raw materials used
in making glass are sand, sodium carbonate or sulfate,
calcium carbonate, potagsium carbonate, and lead oxid.

Flint glass, crown glass, and Bohemian glass are the
chief varieties. Glass is colored by the addition of metallic
oxids to the fused mass.

Silicates are salts of silicic acid. Tale, mica, asbestos,
granite, feldspar, and pumice stone are common silicates
found in nature. ,

Carborundum is a carbid of silicon. It is used as an
abrasive. .

QUESTIONS AND PROBLEMS

1. Summarize the uses of silicon dioxid.

2. Why is it so difficult to remove the stoppers from ground-glass
bottles that are used to contain sodium hydroxid? Would this
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difficulty also occur if the bottle were used as a container for
sodium carbonate solution? Xxplain.

8. How do  you account for the small seams -seen along the
sides of cheap bottles?

4. What are the advantages of “resistance’” glass?

6. Write equations to show how complex silicic acids may be
formed by dehydrating two molecules of ortho-silicic acid. By
dehydrating three molecules of ortho-silicic acid.

6. Why is sand the final product formed by the disintegration
of the majority of igneous rocks?

7. Glass fruit-jars generally have a greenish tint. Is this color
an advantage or a disadvantage?

8. Would it be desirable to have milk bottles that have a
decided greenish tint? Give a reason for your answer.

9. Tell how ordinary window glass is made. Describe the
process of annealing and tell why it is so important.

10. Give the composition of flint glass. What are its
properties?

11. How does ordinary glass differ from hard glass in
composition?

12. Why should aqua ammonia not be used for washing cut
glass?

Topics for Reference.—Wire glass. Prism glass and its uses.



CHAPTER XXIX

OCCURRENCE OF METALS AND METHODS OF
EXTRACTION

297. Metals.—The elements studied thus far have been
largely acid-forming elements. They are the non-metals.
Of the elements that remain to be studied, all with the
exception of boron have base-forming properties. They
are called metals. It is of interest to inquire how these
elements are found in nature. Instead of taking up the
occurrence of each metal in detail, thus involving a great
deal of pure memory work, an attempt will be made in
this chapter to so outline this subject that it may be well
covered in a more general way. This plan depends upon
a study of the activity of the metals, and of the stability
and insolubility of their compounds. )

298. Metals Occurring Free.—Such metals as gold and
platinum are very inactive, not uniting readily with other
elements; thus they are generally found free in nature.
Other metals sometimes occurring free are silver and copper.

299. Solubility of Oxids.—The oxids of sodium, potas-
gium, calcium, barium, and strontium are either soluble
in water or they act chemically with water. Thus we should
hardly expect to find these oxids in nature. Such is the
case. On the other hand, the oxygen of the air is so widely
distributed, and it is such an active element, that the
insoluble oxids of the other metals form some of the most
important compounds in nature.

300. Sulfids.—The sulfids are analogous to the oxids
with respect to insolubility, and metallic sulfids are even

264
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more widely distributed than the oxids. For example,
sulfids of lead, zinc, copper, silver, iron, and mercury
are quite abundant.

301. Hydroxids.—With the exception of the hydroxids
of sodium, potassium, calcium, barium, and strontium,
metallic hydroxids are insoluble. They do not occur so
abundantly as the sulfids and oxids of the metals, since
they are less stable, either losing water to form an oxid,
or uniting with carbon dioxid to form a carbonate.

302. Carbonates.—The carbonates of sodium and potas-
sium are soluble. Other carbonates are insoluble, hence
many carbonates are found in nature

303. Sulfates.—In a study of the compounds that are
to follow the work will be shortened if a list of the insoluble
compounds is given. Of the sulfates, those of barium,
strontium, and lead are insoluble; the sulfates of silver and
calcium are only slightly soluble. Other sulfates are quite
readily soluble. As might be expected, the sulfates of
barium, calcium, strontium, and lead all occur in nature.

304. Chlorids.—The chlorids of lead, silver, and mer-
curous mercury are insoluble; other metallic chlorids are
soluble. Contrary to what might be expected, the chlorids
of sodium, potassium, and magnesium are quite abundant.
Since they are all very soluble, their occurrence appears
to be due to some extent to their high heat of formation
and consequent relative stability; it is also true that all
the ordinary compounds of sodium and potassium are also
soluble.

306. Nitrates.—AIll nitrates are soluble. Nitrate of
sodium is the only nitrate that occurs at all extensively
in natural deposits; it is found in desert regions.

306. Conclusions.—To summarize, we may expect:
(1) to find inactive metals occurring uncombined; (2) to
find such natural compounds as the sulfids, oxids, and car-
bonates of the heavy metals (this conclusion naturally follows
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a consideration of Berthollet’s law of insolubility); (3)
to find only those soluble compounds that are very stable, or
the compounds of elements all of whose compounds are soluble.

METALLURGY

307. Metallurgy Defined.—Metallurgy is the science
that deals with the extraction of metals from their ores.
A study of the metallurgy of each element involves a great
deal of memory work, since the details of the method
used depend upon the expense of the operation, the proper-
ties of the metal, and the nature of the ore that is being
used. Let us first distinguish between mineral and ore as
used in metallurgy. A mineral is an element or compound
occurring naturally as the result of some organic or inorganic
process. An ore i3 a mineral that contains an element tn such
quantity and form that it may be profitably extracted. For
example, clay is an aluminum mineral; it is not an alumi-
num ore, since the expense of extracting aluminum from
clay makes the cost prohibitive.

In this chapter, we shall aim to describe and illustrate
four general methods of extracting metals from their ores.
While a few metals are not extracted by any one of these
processes, yet one of them, or a modification of it, is
employed in a great majority of cases.

308. Electrolysis.—We have had several examples illus-
trating the fact that compounds can be decomposed by
passing an electric current through their solutions. Elec-
trolysis is used quite extensively for extracting metals,
but since many ores are not water soluble, and the dry ore
is a non-conductor of electricity, the fused ore is generally
used. For example, in preparing sodium, the sodium
chlorid to be electrolyzed is fused. If a solution of sodium
chlorid were used in this case, the sodium would attack
the water to form sodium hydroxid as fast as the electroly-
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gis took place. The same is true of potassium, calcium,
and to some extent magnesium.

Electrolysis is a practical method of extracting metals
when the metal is a very active one, and a cheap source of
power for generating electricity is available. In this coun-
try electrical industries flourish at Niagara Falls, making use
of the enormous hydro-electric power there developed.
At present the cost is greater than that of extracting
metals by other methods; for that reason electrolysis is
limited mainly to the extraction of very active metals.
Since aluminum is used more extensively than any other
metal prepared by electrolysis, we will illustrate the general
method by describing the electrolysis of bauxite, an a.luml-
num ore.

309. Extraction of Aluminum by Electrolysis —The
method used at present for extracting aluminum was worked

+

Fia. 92.—Electrolysis of aluminum oxid.

out by Charles M. Hall. Bauxite is a hydrated oxid of
aluminum, but it is infusible. Hall learned, that it dis-
solves readily in cryolite, a fusible mineral that comes from
Greenland. .

An iron box lined with carbon is made the cathode, while
rows of carbon rods are used as the anode. The box is
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kept heated above the melting point of both cryolite and
aluminum. When the current is passed through such a
solution of bauxite in cryolite, electrolysis occurs; the
aluminum sinks to the bottom of the box and is drawn off
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Fia. 93.—Diagram of blast furnace.

used at the present time.

from time to time. The
oxygen is liberated at the
anode. Fresh bauxite is
added periodically so that
the action may be continu-
ous (see Fig. 92).

310. Reduction with
Carbon.—The reduction of
oxids of metals with carbon
forms the most important
method used in metallurgy.
Sulfids and carbonates of
metals are subjected to a
preliminary treatment
known as roasting before
they are heated with car-
bon. Thus these com-
pounds are converted into
oxids by heating them
while exposed to air.

The reducing agent gen-
erally used is coke, since it
is not only very efficient,
but it is also moderately
cheap. Charcoal was at
one time extensively used
and coal is occasionally

In 1915 the United States alone

produced more than 30,000,000 tons of iron. When
we consider that about 1 lb. of coke is needed for the
extraction of 1 Ib. of iron, we can form some estimate of the



BLAST FURNACE 269

enormous quantities of coke that are used annually, not
only in the iron and steel industry, but also for the reduction
of copper, tin, and zinc. The process of extracting metals
by reduction may be illustrated by describing somewhat in
detail the operation of a blast furnace in the preparation of
iron.

311. Use of a Blast Furnace for Reducing Iron.—The
furnace used in this operation consists of a steel shell:
from 80 to 100 ft. high, and from 20 to 25 ft. internal di-
ameter, lined with fire-brick (see Fig. 93). Water circulates
through a shell built in the walls at the part where the
greatest heat is produced to protect this portion. The
heat is due to chemical action which is started by forcing
a blast of hot air into the furnace through tuyéres. Hence
the name blast furnace. Fig. 94 shows a blast furnace
with the “stoves” that are used for heating the air for
the blast. ’

The charge consists of iron ore, coke, and a flux. Lime-
stone is used as the flux when the ore contains silica as an
impurity. If the ore already contains limestone, then
sand is used as a flux.

The chemical action is quite complex. Oxidation of the
coke first occurs resulting in the formation of carbon dioxid.
As this gas comes into contact with the layers of coke above,
it is reduced to carbon monoxid,

1
CO,; + C—2CO,
which interacts with the iron ore as follows:
Fegoa + 3CO<_—’ 3002 -+ 2Fe.

Bince the reaction is reversible, it may be driven to the

. right only when there is a decided excess of carbon monoxid.
For this reason the waste gases contain about 20 to 30 per
cent. of carbon monoxid which is removed at the top of the
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furnace and conducted away to be used as fuel. The iron
sinks to the bottom of the furnace where it is drawn off every
4 to 6 hours. When it solidifies in molds it forms pig iron.

F1a. 94.—A blast furnace for reducing iron ores. The ‘‘stoves’ seen at
either side heat the air for the blast.

The flur serves three purposes: (1) It unites chemically
with the impurities to form a slag which is removed from the
furnace by tapping at intervals of about 2 hours. (2)
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The slag that is formed has a lower melting point than the
impurities in the ore hence less heat is required. The
word flux comes from the word fluere (to flow), and it is
used in chemistry to designate any substance that lowers
the melting point of a mixture to which it is added thus
rendering it more fluid. (8) Since the slag is fairly
light it covers the surface of the iron and protects it
from subsequent oxidation that might occur from the
air blast.

A blast furnace is kept in continual operation, a double
trap being so arranged at the top that the charge may
be added without disturbing the action or without loss of
gas. Its life is in some cases as high as 20 years and
some of the large ones have a capacity of from 600 to 900
tons a day.

312. Alumino-thermics.—When raised to a tempera-
ture high enough to start the reaction, aluminum combines
with oxygen and enormous quantities of heat are liberated.
In fact the heat of formation of aluminum oxid is so great
that granular aluminum readily takes oxygen from the oxids
of other metals, leaving them uncombined.

Aluminothermy is practical in metallurgy under certain
conditions. (1) When small quantities of a carbon-free
metal are required. (2) It is used to extract metals not
easily reduced by carbon, provided the metals are more
valuable than aluminum itself. At the present time, chro-
mium, which is used quite extensively in making some special
steels, is extracted by heating its oxid with aluminum.
Manganese is another metal that is extracted by the same
method. Some non-metals, such as silicon and boron, may
be reduced with metallic aluminum. (3) While alumino-
thermy can not be used on a large scale for preparing iron,
since the cost is too great, yet some iron is liberated in this
manner to be used for autogenous welding. The process
was worked out by Dr. Hans Goldschmidt. A mixture of
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granular aluminum and iron oxid, known as thermat, is
placed in a crucible over the metals to be welded. An ignit-
ing mixture, consisting of barium peroxid and powdered
aluminum or magnesium, is placed on top of the thermit to
start the reaction (see Fig. 95). The chemical action is as
follows:

2Al + F6203 g Alea + 2Fe.

_ As the white hot molten iron is reduced it runs down over
the broken ends and literally fuses them together to form a

Fia. 95.—Thermit crucible as used for welding.

solid piece (see Fig. 96). The temperature produced by
the reaction is estimated at more than 3000°C.
313. Replacement.—If we suspend a strip of copper in a
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solution of silver nitrate, the copper gradually goés into
solution and metallic silver is precipitated.

Cu + 2AgNQO; — Cu (NOy), + 2Ag.

Use is sometimes made of this fact in metallurgy, cheap
metals being used to prepare more expensive ones. For ex-
ample, iron will precipitate from solution such metals as
copper, silver, and gold. In the following paragraph a
replacement table is given from which it is possible to deter-
mine not only the order of replacement, but also several
other interesting facts concerning metals.

Fiac 96.—The completed weld made by the use of thermit as in Fig. 95.

814. Replacement Series.—The position of any metal in
the adjoining table depends upon its relative tendency to
ionize. Potassium enters the ionic condition more readily
than other metals; for that reason it stands first in the re-
placement series. Since potassium ionizes more readily
than iron, it will replace iron from solutions of iron com-
pounds. For the same reason iron replaces copper, silver,
or gold. In short, an element will replace any element that
stands below it in the replacément series; it will be replaced
from its compounds by any element standing above it in the

table.
18
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The farther apart any
REPLACEMENT SERIES two elements stand in
- Potassium the series, the greater
SOdi}lm the potential difference
Barium produced by those two
Strontium metals when used to
Sﬁ:’:mm make avoltaic.cell. ) F(fr
Aluminum that reason this series is
Manganese sometimes called the
Zine electromotive series. To
Chromium illustrate, copper and
Iron , zinc may produce an
Cobalt . electromotive force of
Nickel 1.1 volts; copper and
Tin iron give only 0.67 volt;
Lead but silver and aluminum
HYDROGEN furnish more than 2
S{opper volts.
Sﬂ?::ry The elements that
Platinum stand above hydrogen
Gold in the series are not
found free in nature,
while thosé below hydro-

gen are frequently found uncombined. Hydrogen chlorid
does. not act on any of the metals below hydrogen, since these
metals do not replace hydrogen from its compounds. The
metals below hydrogen may be acted upon by such strong
oxidizing acids as nitric and sulfuric, but hydrogen is not
liberated. An oxid is first formed which is then con-
verted into a salt of the acid and water by the subsequent
action of the acid.

The metals that stand above zinc can not be reduced by
hydrogen alone. Those that stand above manganese are
prepared by electrolysis. They are the most active metals,
being readily acted upon by acids, water, and oxygen, with
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the exception of aluminum. The metals that fall below
copper do not tarnish in air. Their oxids are easily decom-
posed by heating. Since water contains some hydrogen
ions, most of the metals that stand above hydrogen in the
series interact with water, or rust when exposed to moisture.

SUMMARY

All oxids, sulfids, and hydroxids are insoluble except those
of sodium, potassium, calcium, barium, and strontium, and
of these the oxids and sulfids generally unite chemically
with water.

All ordinary carbonates are insoluble except the carbon-
ates of sodium and potassium.

The minerals and ores found most abundantly in nature
are oxids, sulfids, and carbonates.

The sulfates of barium, strontium, and lead are insoluble;
the sulfates of silver and calcium are slightly soluble; all
other sulfates are soluble.

The chlorids of lead, silver, and mercurous mercury are
insoluble; other chlorids are soluble. '

All nitrates are soluble.

Metallurgy is the science that deals with the extraction of
metals from their ores.

With few exceptions, metals are extracted by one of the
following methods: electrolysis; reduction; aluminothermy;
replacement. The light metals are generally extracted by
electrolysis. The common heavy metals are extracted by
reducing their ores with carbon. Metals less widely used
and the more valuable metals are extracted by alumino-
thermy or by replacement with a cheaper metal.

QUESTIONS AND PROBLEMS

1. The only soluble silicates are those of sodium and potassium.
Would you expect to find silicates widely distributed in nature?

2. Why are the metals that stand above hydrogen not found
free in nature?
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8. From the position of mercury in the replacement series,
what do you think would be the effect of heating cinnabar,
or mercuric sulfid?

4. Which metal do you think would be more easily reduced,
iron or copper? Iron or aluminum?

6. Why is it necessary to fuse the ore before extracting metals
by electrolysis?

8. Distinguish between metal, mineral, and ore.

7. State the advantages and disadvantages of extracting metals
by electrolysis. .

8. What is the chief objection to the use of aluminothermy in
metallurgy?

9. What is meant by the term “flux” as used in metallurgy?
State its uses in extracting iron?

10. Summarize the facts that may be observed by a careful
study of the replacement series of metals.

Reference Topic.—The value of Hall’s discovery to metallurgy.



CHAPTER XXX
ALKALI METALS

3815. The Sodium Family.—Sodium and potassium are the
most important metals of this family., They were dis-
covered by Sir Humphrey Davy early in the nineteenth
century. The hypothetical metal ammonium is similar
in its chemical properties to these metals and belongs in this
group. Sodium and potassium are often called alkali
metals since their hydroxids are very strongly alkaline.
The valence of all the elements in this group is one, as is
also the valence of the ammonium radical. All ordinary
compounds of these metals are soluble in water. Sodium
and potassium occur in nature as chlorids, the former being
very widely distributed. Potassium chlorid and also
the sulfate are found in quantities at Stassfurt, Germany,
asgociated with compounds of calcium and magnesium.
The Stassfurt deposits occur in beds several hundred
feet thick., The metals in this group are all prepared by
electrolysis.

SODIUM

316. Properties of the Metal.—Sodium is a silver white
metal, so light that it floats on water. It is so soft that it
may be molded like wax. Chemically it is one of the most
active metals. It unites with oxygen so readily that it
must be kept in oil to prevent oxidation. It also unites
chemically with most non-metals; it interacts with water
and with all ordinary acids. Sodium forms some of the
most important chemical compounds known to chemistry.

277
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The metal finds some use as a reducing agent. Used as
a catalytic agent it converts isoprene, a hydrocarbon having
the formula C;Hs, into artificial rubber.

817. Sodium Chlorid.—NaCl. Sodium chlorid, or com-
mon table salt, occurs in nature in sea-water, in salt-wells,
and in rock deposits. Rock-salt is mined in some localities,
but most of the salt of commerce is obtained by the evapora-
tion of natural brines, either by the use of natural or artifi-
¢ial heat. In this country, New York, Michigan, Ohio,

Fic. 97.—Harvesting salt from San Francisco Bay. (Permisston ;}
Scientific American.)

Kansas, and a few other States are large salt-producers.
The United States produces more than 30,000,000 barrels
annually. Sodium chlorid ecrystallizes in cubes. Pure
salt is not deliquescent, but magnesium chlorid, a very
deliquescent compound, is usually present as an impurity.
This accounts for the fact that salt becomes wet and ¢ packs’
in moist weather (Fig. 97). '

Sodium chlorid, as the cheapest compound of sodium, is
used as a starting point in the manufacture of all sodium
compounds and also of all compounds containing chlorin.
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Thousands of tons of salt are used every year as a pre-
servative, in packing and curing meats. Mixed with snow
and ice, salt forms a good freezing mixture. It is esti-
mated that the average American uses about 11 lb. of salt
a year in seasoning his food. Considerable quantities are
fed to sheep and cattle. ‘

318. Sodium Nitrate.—NaNO,. Extensive beds of so-
dium nitrate are found in Western South America, especially
in the desert regions of Northern Chile. It is a colorless,
crystalline compound, slightly hygroscopic. Large quan-
tities of sodium nitrate are used for fertilizers. Since it is
the only nitrate found to any considerable extent in nature,
it is used for making nitric acid and other nitrates. Since
it absorbs water, it is not suitable for making gun-powder.

319. Sodium Sulfate.—Na,SO,. Sodium sulfate, a by-
product from the manufacture of hydrochloric acid, is
used in making glass and sodium ecarbonate. It forms
colorless crystals, having the formula Na;SO, - 10H,0, used
in medicine under the name Glauber’s salt.

320. Sodium Hydroxid.—NaOH. In the chapter on
bases we learned that sodium interacts with water to form
sodium hydroxid. This compound is produced commer-
cially by the electrolysis of a solution of sodium chlorid,
the electrodes being in separate compartments so that the
chlorin which is liberated at the anode does not by any
chance come into contact with the hydrogen or the sodium
hydroxid formed at the cathode. Sodium hydroxid is a
white, crystalline solid. In purified form it is often cast
in sticks. It is deliquescent, taking on first water from the
air and then carbon dioxid, changing slowly into the car-
bonate. In water solution it forms one of the strongest
known bases. Since it attacks the flesh and skin it is
known as caustic soda. Its most important use is in
making soap. For household use, such as cleaning sinks,
it is known as lye.
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321. Carbonates of Sodium.—NasCO;. HNaCO;. Two
carbonates of sodium are very important, the carbonate and
the bi-carbonate. In the United States they are made by
the Solvay process, while in France the LeBlanc process
is still largely used.

Solvay Process.—In this process a saturated solution of
sodium chlorid is treated with ammonia and carbon dioxid.
The ammonia dissolves in the water and combines with the
carbon dioxid to form ammonium bi-carbonate:

H;N + H;0 + CO, — HNHCO,. (6]

The sodium chlorid interacts with the ammonium bi-
carbonate to form sodium bi-carbonate:

NaCl + H.NHCO; — H,NCI + HNaCO;. 2

If the carbonate is desired it may be obtained by heating
the bi-carbonate:

1
2HNaCO; — Na,CO; + H:0 + CO;. - @3)
The Solvay process is a very interesting one, as it shows
clearly how by-products may be utilized. The process was
devised by Ernest Solvay, a Belgian. In a large plant at
Solvay, N. Y., the raw materials used are salt, limestone,
and coal. The Solvay Company operates its own gas plant.
From this plant gas and coke are obtained, both being used
for fuel and power. The ammonia which enters into the
manufacture of the soda is a by-product of this gas plant.
The carbon dioxid used is obtained by heating limestone,
and quick-lime is produced at the same time:

T
CaCO; — Ca0 4 CO..
This quick-lime is slaked, CaO + H,0 — Ca(OH),, and
heated with the ammonium chlorid obtained from the gas
plant as in equation (2):

T
Ca(OH)g + 2H4NCI —703013 + 2H3N + 2H20.
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All the products are either used over again in the process
or put on the market as by-products except the calcium
chlorid which remains after the recovery of the ammonia.
No important use has yet been found for this crude
chlorid.

LeBlanc Process.—This process is an older one than.the
Solvay and it is more expensive. Some valuable by-
products are obtained, hence the process is still largely used.
Sodium chlorid is treated with sulfuric acid to form sodium
sulfate and hydrochloric acid:

T
2NaCl 4+ H.S80, — Na,SO, + 2HCI. (@)

The sodium sulfate is then reduced to sodium sulfid by
heating it with carbon:
T

NthOq -+ 2C — Na,S + 200:. (b)

When sodium sulfid is heated with calcium carbonate,
sodium carbonate and calcium sulfid are produced:

Na,S 4+ CaCO; — Na,CO;s + CaS. (c)

The calcium sulfid is converted into sulfur and bleaching
powder, which form valuable by-products. The most
important by-product, however, is the hydrochloric acid
prepared as shown in equation (a).

Sodium carbonate forms colorless crystals having the
formula Na;CO;-10H,0. It is used extensively in the
manufacture of glass. It hydrolyzes to some extent in
water forming a basic solution. For this reason it is used
in laundries under the name of washing soda. This car-
bonate is also used to soften hard waters.

Sodium bi-carbonate is generally known as baking soda.
It interacts with acids or acid salts liberating carbon dioxid
which we have learned is a leavening agent. With the
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lactic acid in sour milk it interacts to form sodium lactate,
water, and carbon dioxid: "

/COOH Na-— O\ /COONa

C,.H; + =0—>C,H; +
\OH H- O/C \OH
H,0 4+ CO,
Lactic acid ~ Bodium bi-carbonate Sodium lactate

In order that baking soda may be used as a leavening
agent with water or sweet milk, it is mixed with starch and
some acid or a salt and sold as baking powder. There are
three well-known classes: cream of tartar powders, acid
phosphate powders, and alum powders.

With cream of tartar powders the action is as follows,
Rochelle salts being produced and carbon dioxid set free:

i O0OH Na —
(CHOH), + g>c =0—>
00K ' H—

Acid potassium tartrate Sodium bicarbonate

OONa T
(CHOH) + H:0 + CO,.

Sodium potassmm ta.rtmte
(Rochelle salts)

In the phosphate powders calcium acid phosphate is used.
CaH;(PO4)2 -+ 2HN&CO$ hand C&HPO4 -+ NazHPO4 +

Mono-calcium Calolum acid Di-sodium
phosphate bl-ca.rbonate

T
2H20 + COz.

Alum is not an acid salt but it hydrolyzes in water and
acts like an acid

T
2Na.Al(SO4)z + 6H81:Ida.003—>2A1(0H)s + 4Na.S0, + 6002

Aluminum Sodium
bi-carbonate hydroxid sulfate

Considerable discussion has arisen as to the healthful-
ness of powders containing alum. It is quite evident that
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alum itself interferes with digestion. It has also been
. claimed that the aluminum hydroxid which is formed is

injurious, but unfortunately sufficient work has not been
done to establish the truth or falsity of this belief. Most
of the investigations along this line have been carried out
by rival manufacturing companies; thus they are less apt
to be free from bias. At the present time alum is used in
several brands of baking powder. Starch is added to bak-
ing powder to keep it dry. Not more than 20 per cent. is
necessary for this purpose, but sometimes as high as 50 per
cent. may be added by the manufacturer.

322. Sodium Peroxid.—Na;0,. When sodium is burned
in the air a yellowish-white powder is formed; it is peroxid of
sodium. This peroxid unites with water to form sodium
hydroxid while oxygen is set free.

' 1
Na,0,; + H;O — 2NaOH + (0O)

Since nascent oxygen is liberated in this reaction such a
solution forms an excellent bleaching agent. Because
fibers bleach more readily in an alkaline solution, sodium
peroxid is taking the place of hydrogen peroxid to a consider-
able degree as a bleaching agent. To be used for preparing
oxygen, sodium peroxid is sold under the name ozone.

323. SodiumThiosulfate.—Na,S;0;. This compound is
commonly called “hypo.” It is used in photography as a
fixer to dissolve the unchanged silver salt that has nct been
reduced by the action of the light and the developer. It is
also used as an “antichlor.”

324. Sulfites of Sodium.—Na:;80;. HNaSO;. These sul-
fites are used in the bleaching industry and as preserva-
tives. The acid sulfite, HNaSO; is used in the paper
industry.

325. Di-sodium Phosphate.—HNa,PO,. Although three
phosphates of sodium are known, the di-sodium phos-
phate is the most important. It is used in medicine.
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POTASSIUM

326. Metallic Potassium.—In its physical properties
potassium resembles sodium very closely. It differs in
color, having a slight blue tinge. - It is more active chem-
ically than sodium. ,

327. Potassium Hydroxid.—KOH. The method of mak-
ing potassium hydroxid is analogous to that of preparing
sodium hydroxid. It resembles the hydroxid of sodium
in both physical and chemical properties. In fact they
are so much alike that usually one may he substituted for
the other. Since the hydroxid of sodium is much cheaper,
potassium hydroxid is not very extensively used. '

328. Potassium Chlorid.—KCl. The chief source of
potassium chlorid is the deposit at Strassfurt, Germany.
It is a white, crystalline solid. With potassium sulfate,
K:S0,, which is also found in the Stassfurt deposits, it fur-
nishes the “potash’ used for fertilizers. It is the starting
point for potassium compounds.

329. Potassium Carbonate.—K;CQO;. Potassium car-
bonate is present in wood ashes. Wool perspiration, or
suint, also contains potassium carbonate which is now
recovered from the waters used in washing wool. Con-
siderable potassium carbonate is present in the mother liquor
left after sugar crystals have been obtained from sugar
beets. These illustrations show the important relation
of potassium compounds to plant and animal life. The
most important use for potassium carbonate is in the manu-
facture of hard glass.

330. Potassium Nitrate.—KNQO;. This compound is
made by mixing hot concentrated solutions of sodium
nitrate and potassium chlorid. We would expect the
action to be reversible,

KCI + NaNO; — KNO; + NaCl,
but sodium chlorid, being less soluble than the other com-
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pounds in hot water, separates first as crystals. Potas-
sium nitrate when mixed with sulfur and powdered char-
coal forms black gun-powder. It is also used to some extent
for curing meats, especially corned beef. Chopped meats
retain their bright red color when spnnkled over with a
little potassium nitrate.

331. Potassium Chlorate.—KClO;. When the halogens
are introduced into a solution of an alkaline hydroxid two
reactions may occur. If the solution of the hydroxid is
cold and dilute, a reaction like the following occurs:

2KOH + Cl; — KCI + KCIO + H0.

Both the hypochlorite and the chlorid of potassium are
formed. If the solution of the hydroxid is hot and concen-
trated an entirely different reaction takes place:

6KOH + 3Cl, — 5KCI 4 KCIO; + 3H,0.

The latter reaction is made use of in the manufacture
of chlorates. Potassium chlorate is a white crystalline
solid. It is a very vigorous oxidizing agent, hence it finds
considerable use in the manufacture of matches, explosives,
and fireworks. Chlorate of potash tablets are used for
sore throat.

332. Other Potassium Compounds.—Both potassium
bromid, KBr, and potassium iodid, KI, are used in medicine
and in photography. Potassium acid carbonate, KHCO;,
was formerly used for baking under the name saleratus.

AMMONIUM COMPOUNDS

333. Ammonium Chlorid.—HNCIl. Ammonia and hy-
drogen chlorid combine to form ammonium chlorid, a
white crystalline salt. The reactlon is revermble, depend-
ing upon the temperature:

H,NCl 2 H,N + HCL
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It is often called sal ammoniac; it is used in voltaic cells,
for soldering, and to some extent, in medicine.

834. Ammonium Sulfate.—(H,N);80,. This compound
is obtained as a by-product in the manufacture of coal gas.
It is a very valuable fertilizer.

336. Ammonium Nitrate.—HNNO;. We have already
learned that this compound is used to prepare nitrous oxid,
or laughing gas. It is also used to prepare ‘“safety explo-
sives’’ for use in mines. Marsh gas, which is often liberated
in coal mines, forms an explosive mixture with air. Most
explosives used for blasting will ignite this mixture of
marsh gas and air, but ammonium nitrate mixed with rosin
or sulfur forms an explosive which does not usually generate
enough heat when it explodes to ignite the marsh-gas
mixture.

336. Ammonium Sulfid.—(H,N),S. Ammonium sulfid is
a liquid prepared by passing hydrogen sulfid into ammonium
hydroxid. It is used as a reagent in qualitative analysis.

337. Ammonium Carbonate.—(H;N),CO;. This white
solid slowly decomposes giving the acid carbonate and
ammonia. It is used as a laboratory reagent, for smelling
salts, and in making aromatic spirits of ammonia.

338. Flame Tests.—Several metals when heated high
enough to be volatile burn with a characteristic flame. This
furnishes an excellent means of identifying them. The test
is made as follows: A platinum wire is held in the flame
until it is clean or until it imparts no color to the flame. It
is then dipped into the salt or solution to be identified and
again held in the flame. Sodium imparts an intense
yellow color to the flame; the potassium flame is violet;
lithium and its compounds give a crimson flame; barium
compounds give a yellowish-green flame. Unfortunately
this simple test is often obscured by the presence of other
compounds; a spectroscope is then necessary to distinguish
one element from others that may also be present.
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SUMMARY

The alkali metals are prepared by the electrolysis of their
fused chlorids. Their hydroxids are prepared by the elec-
trolysis of solutions of their chlorids. These hydroxids
are very strong bases.

The chlorids of sodium and potassium occur in nature.
They are used in preparing other sodium and potassium
compounds. Potassium chlorid is an important fertilizer.

Sodium nitrate is used as a fertilizer; it is also used for
making nitric acid and in the preparation of potassium
nitrate which is used in the manufacture of black gun-
powder.

The carbonates of both sodium and potassium are used
in the glass industry. Sodium carbonate is known as
washing soda; sodium bi-carbonate is used as baking soda,
and as an essential constituent in baking powders.

Sodium peroxid is an important oxidizing agent used in
the bleaching industry.

Potassium chlorate is made by passing chlorin into a hot
concentrated solution of potassium hydroxid. It is used
as an oxidizing agent in matches, fireworks, and explosives.

Ammonium salts are similar in many respects to the salts
of sodiuni and potassium. The chlorid, sulfid, sulfate, and
nitrate are the most important salts. Ammonium hydroxid
is an active base although much weaker than sodium or
potassium hydroxid. :

Some metals impart to a flame a charactenstlc color by
which they can be identified. Sodium gives an intense
yellow flame; potassium, a violet flame.

QUESTIONS AND PROBLEMS

1. Why is sodium chlorid so important commercially ?

2. How many grams of hydrochloric acid can be neutralized by
10 grams of sodium hydroxid? How many grams of the same acid
would 10 grams of potassium hydroxid neutralize? .
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8. Crystallized sodium carbonate, Na;CO; - 10H.0, effloresces
when exposed to the air and forms Na.CO; - H;0, a white powder.
Would it be cheaper to buy the former at 10 cents per pound or
the latter at 15 cents per pound? In each case ﬁnd the cost of 1
Ib. of anhydrous sodium carbonate.

- 4, Why are water solutions of sodium carbonate and sodium
bicarbonate alkaline? Which would you expect to be more
strongly alkaline?

5. How many pounds of potassium nitrate can be made from
100 lbs. of sodium nitrate and 100 Ibs. of potassium chlorid?

6. How could you distinguish potassium nitrate from sodium
nitrate? How could you distinguish potassium chlorid from the
nitrate?

7. How many pounds of nitric acid can be made from 300 Ibs. of
sodium nitrate that is 87 per cent. pure?

8. If sold at the same price per pound, which would be cheaper
to use as a leavening agent, sodium bi-carbonate or potassium
bi-carbonate?

9. In what laboratory experiments have the following com-
pounds been used: sodium chlorid; sodium ritrate; potassium
chlorate; sodium carbonate; ammonium chlorid; ammonium
nitrate?

10. How many pounds of sodium hydroxid may be made from
1 ton of salt?

Reference Topics.—Stassfurt mineral deposits. History of
the LeBlanc process. Use of the spectroscope.



CHAPTER XXXI
ALKALINE EARTH GROUP

839. General Family Characteristics.—This family con-
sists of three elements: calcium, barium, and strontium.
Like the alkali metals these elements may be prepared by
electrolysis, but since they have little practical application,
the demand is small. They interact with water but not so
rapidly as the alkali metals. Their hydroxids form strong
bases, hence this family is sometimes called the *alkaline
earth group.” Calcium, barium, and strontium have a
valence of 2. They are never found free in nature.

CALCIUM

340. Calcium Carbonate.—CaCOQO;. One of the most
abundant compounds of calcium is the carbonate. It is
also one of the most useful.

Limestone is one of the important forms. Although pure
calcium carbonate is white in color or colorless when crys-
talline, the natural deposits are usually colored by the
presence of organic matter or iron compounds. It is used
as building stone, especially for foundation work. Enor-
mous quantities are heated to produce quick-lime. With or
without cement crushed limestone is extensively used for
making and repairing roads. Tons of limestone are used
every year as a flux in the reduction of metals, especially
iron. We have already learned that it is used in the making
of soda, glass, and carbon dioxid.

Calcite is a crystalline variety of calcium carbonate.

19 289
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Transparent colorless specimens are known as Iceland spar.
They exhibit the property of double refraction of light.

Marble consists of fine grains of calcite. By subjection
to natural heat and pressure, limestone is changed into
marble. Since it takes a high polish and is easy to cut,
marble is used for statuary, monuments, and as a finishing
stone.

The shells of such animals as clams, snails, and oysters
consist largely of calcium carbonate. In past ages, shell

F1c. 98.—Varieties of calcium carbonate, including a slab of polished
marble, fossil-bearing limestone (left), oblite (right), and coquina (center).

deposits from such animals became firmly cemented together
forming large masses of solid rock. Old Fort Marion, at
St. Augustine, Florida, is built of a shell rock called coquina
(see Fig. 98). Chalk is of geologic formation, consisting
of the mieroscopic remains of small marine animals.
Precipitated chalk is an artificial calcium carbonate pre-
pared by the action of calcium chlorid on sodium carbonate.

CaClg + Na:COz; g 03003 + 2NaCl

It is soft and finely divided, forming a non-gritty scouring
powder, suitable for tooth powders.
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341. Caves.—Limestone caves occur in the earth’s crust
due to the solubility of calcium carbonate in a water solu-
tion of carbon dioxid. The carbonate, while insoluble in
water, dissolves readily in carbonic acid formmg the
bi-carbonate:

Ca.CO; + H,O + COn & HzC&.(COs)z.

The bi-carbonate is carried away in solution by the under-
ground waters leaving large caverns. If the crust above
falls into the cavern, it forms what is called a limestone
sink. The above reaction is reversible. As the water

F1a. 99.—Stalactites and stalagmites in Marengo cave. (Salisbury’s
Physiography, by permission.)

solution of calcium bi-carbonate drops from the roof of the
cave, some evaporation occurs and carbon dioxid is liber-
ated. Thus the insoluble calcium carbonate which is
thrown out of solution hangs from the roof in icic<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>